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The visual responses have been studied, by recording with tungsten 
micro -electrodes, in the nucleus interlaminalis medialis, the superior 
colliculus, the cerebellar visual area of the cat, and the superior 
colliculus of the baboon. 
A. THE NUCLEUS INTERLAMINALIS MEDIALIS.OF'THE L.G.N. 
1. The secondary retinal representation has been determined on the 
cat's L.G.N., and the observation of Seneviratne and Whitteridge (1962) 
that the upper visual field is represented in the posterior part of 
the nucleus has been confirmed. In addition, the representation of 
the lower field has also been found in the anterior part of the nucleus. 
Some degree of retinotopic organization on the N.I.M. has been shown. 
2. Twelve single units were observed and these had either 'on' or 
'off' center with receptive fields larger than in the main nucleus. 
B. THE SUPERIOR COLLICULUS OF THE CAT 
1. The retinotopic organization has been described on the surface of 
the superior colliculus which has been flattened out and the ratio 
1.5 :1 of the surface areas between the lower and the upper field quad- 
rants was obtained. There is a close correlation between the magnifi- 
cation factor and a centro- peripheral retinal ganglion cell density 
(Stone, 1965) along the horizontal meridian. 
2. 150 units have been classified into 5 groups according to the 
size of the receptive fields and the optimum responses to moving stimuli 
(small receptive field unit, medium receptive field unit, large recep- 
tive field unit, directionally selective unit, and specific orientation 
unit). The majority of units responded only to movement and required 
different velocities as their optimum stimuli. In general, the velocity 
increased as the receptive field increased in size. The functional 
significance of units in the superior colliculus concerned with eye 
movement control has been discussed. 
3. The influence of the visual cortex upon single units in the 
superior colliculus has been studied by cooling the corresponding parts 
of the visual cortex and the visual responses of 7 units were found to 
be abolished. 
C. THE BABOON'S SUPERIOR COLLICULUS 
1. The retinotopic projection on the surface of the superior 
colliculus, which has been flattened out, has been mapped. In general, 
the pattern of projection is similar to that in the cat, but there is 
no disparity between the areas of the superior colliculus devoted to 
the upper and lower visual field quadrants. There is evidence of macu- 
lar representation on the anterior pole of the superior colliculus. 
The magnification factor along a horizontal meridian has been measured 
and a close correlation with a centro- peripheral retinal ganglion 
cell density was obtained. 
P.T.O. 
Use other side if necessary. 
2. Eight single units, which were similar in behaviour to 
those in the cat, have been observed. Apart from the non - 
directional units, two specific orientation units have been found. 
D. THE CEREBELLAR VISUAL AREA OF THE CAT 
1. The visual responses in the cerebellum have been studied 
by moving stimuli, and the extent of the visual responsive area 
is confined to the Declive (lobule VI) and Folium -Tuber vermis 
(lobule VII). 
2. The visual responses of 104 units, which were classified into 4 
groups according to the behaviour of the units in responding to mov- 
ing stimuli, have also been studied. Most of the units responded to 
movements, usually of fast speed, and showed habituation to repeated 
stimuli. One type of directionally sélective unit, "the centrifugal 
unit", showed a preferential response to movement in a centrifugal 
direction (moving away from the center of fixation). The possible role 
of the units in the cerebellar visual area in the mechanism of eye 
movements has been discussed. 
The visual responses have been studied, by recording 
with tungsten micro- electrodes, in the nucleus interlaminalis 
medialis, the superior colliculus, the cerebellar visual area 
of the cat, and the superior colliculus of the baboon. 
A. THE NUCLEUS INTTERLAMINALIS ME.DIALIS OF THE L.G.N. 
1. The secondary retinal representation has been deter- 
mined on the cat's L.G.N., and the observation of Seneviratne 
and Whitteridge (1962) that the upper visual field is repres- 
ented in the posterior part of the nucleus has been confirmed. 
In addition, the representation of the lower field has also 
the anterior ;part of Some 
of retinotopic organization on the N.I.M. has been shown. 
2. Twelve single units were observed and these had 
either 'on' or 'off' center with receptive fields larger than 
in the main nucleus. 
B. THE SUFERIOR COLLICULUS OF CAT 
1. The retinotopic organization has been described on 
the surface of the superior colliculus which has been flatten- 
ed out and the ratio 1.5:1 of the surface areas between the 
lower and the upper field Quadrants was obtained. There is a 
close correlation between the magnification factor and a 
centro- peripheral ganglion cell density (Stone, 1965) along 
the horizontal meridian. 
2. 150 units have been classified into 5 groups accord- 
ing to the size of the receptive fields and the optimum respon- 
ses to roving stimuli (small receptive field unit, medium 
receptive field unit, large receptive field unit, directionally 
selective unit, and specific orientation unit). The majority 
of units responded only to movement and required different 
velocities as their optimum stimuli. In general, the velocity 
increased as the receptive field increased in size. The funct- 
ional significance of units in the superior colliculus concerned 
with eye movement control has been discussed. 
3. The influence of the visual cortex upon single units 
in the superior colliculus has been studied by cooling the 
corresponding ;?arts of the visual cortex and the visual respon- 
ses of 7 units were found to be abolished. 
C. THE BABOON'S SUPERIOR COZ,LICULUS 
1. The retinotopic projection on the surface of the 
superior colliculus, which has been flattened out, has been 
mapped. In general, the pattern of projection is similar to 
the cat, but there is no disparity between the areas of the 
superior colliculus devoted to the upper and lower visual 
field quadrants. There is evidence of macular representation 
on the anterior pole of the superior colliculus. The magni- 
fication factor along a horizontal meridian has been measured 
and a close correlation with a centro- peripheral retinal 
ganglion cell density was obtained. 
2. Eight single units, which were similar in behaviour 
to the cat have been observed. Apart from the non -directional 
units, two specific orientation units have been found. 
D. THE CEREBELLAR VISUAL AREA OF THE CAT 
1. The visual responses in the cerebellum have been 
studied by moving stimuli, and the extent of the visual respon- 
sive area is confined to the Declive (lobule VI) and Folium- 
Tuber vermis (lobule VII). 
2. The visual responses of 104 units, which were classi- 
fied into 4 groups according to the behaviour of the units in 
responding to moving stimuli, have also been studied. Most 
of the units responded to movements, usually of fast speed 
and showed habituation to repeated stimuli. One type of direc- 
tionally selective unit, "the centrifugal unit" showed a prefer- 
ential response to movement in a centrifugal direction (moving 
away from the center of fixation). The possible role of the 
units in the cerebellar visual area in the mechanises of eye 
movements has been discussed. 
INTRODUCTION 
I. THE OPTIC NERVE tCHIASM AND OPTIC TRACT 
A. ANATOMICAL ASPECTS 
In the cat, the optic nerve is composed chiefly and 
perhaps exclusively of the axons of retinal ganglion cells, 
presumably in a 1:1 relationship as suggested by Arey and 
Gore (1942) for the dog. Nevertheless, the possibility of 
centrifugal fibers passing from the brain through the optic 
nerve cannot be excluded by either these studies or those 
reported by Bishop (1953), who counted 127,000 optic nerve 
fibers and 125,000 retinal ganglion cells in the cat. 
According to Stone (1965) the total number of ganglion cells 
in the retina is approximately 90,000. Other reported counts 
of the cat's optic nerve are within the same range, consider- 
ing experimental error; 119,000 (Breusch and Arey, 1942); 
120,000 (Bishop et al, 1953). Apparently, all optic nerve 
fibers in the cat are myelinated, and Bishop and Clare (1955) 
have found a size range from 0.5 -12.0 u with the majority 
in the 1.0 u range; although, using the electronmicroscope, 
they have noted myelinated fibers as fine as 0.2 u. Electro- 
physiological work by Rubel and Wiesel (1962) has suggested 
that some unmyelinated fibers may be present. Bishop and 
Clare (1955) have also suggested a rather even distribution 
throughout the nerve of fibers of different size but were 
unable histologically to confirm the four fiber groups 
described in their electrophysiological studies. On the 
other hand, Chang (1952) and Lennox (1953), using electro- 
physiological techniques, have independently reported three 
chief fiber groups in the cat optic nerve; whereas anatomi- 
cal studies by Bishop et al (1953) have described two princi- 
pal fiber groupings at 1.0 -1.5 u and 4.0 -4.5 u with over 
80ív of all fibers having a diameter of less than 3 u. 
The optic chiasrn is a complex interchange of optic 
nerve fibers with fibers from the nasal portions of each 
retina decussating into the contralateral optic tract, 
the most anterior of these decussating fiber bundles detour- 
ing slightly into the contralateral optic nerve (Polyak, 
1957). Fibers from the temporal third of each retina, 
lateral to the meridian through the area centralis, do not 
cross at the optic chiasm but enter the ipsilateral optic 
tract. No precise count of the number of crossed and un- 
crossed optic tract fibers in the cat has been reported, but 
Folyak (1957) estimates that about 50 -70% of these fibers 
cross. Walls (1942), Doty (1953), and Hayhow (1953) esti- 
mate that about two -thirds cross. 
B. CONDUCTION VELOCITY 
In classifying the conduction velocity of fiber groups 
in the cat optic tract, Bishop and O'Leary (1938), applying 
a shock to the optic nerve of the cat, found the volley of 
impulses splitting into an early large and a later somewhat 
smaller wave with average conduction velocity of 30 -40 m. /see. 
with the wave front at 70 m. /sec.. Bishop et al (1953) 
recorded monophasic antidromic action potentials at a point 
6 mm. from the crushed end of the optic nerve following 
stimulation of either the contralateral or ipsilateral optic 
tract. Conduction velocities in this experiment were 
30 -40 m. /sec. (mean 34) for the fastest, 17 -23 m. /sec. (mean 
21) for the intermediate, and 15 -20 m. /sec. (mean 1) for 
the slowest fibers. 
Chang (1952) reported somewhat different values for 
the conduction velocities of fiber groups in the cat optic 
nerve: 70, 30, and 17 m. /sec. for the fastest, intermediate, 
and slowest groups resoectively. In the same study it was 
also reported that three peaks of distribution 1: ;y in the 
region of 1, 4, and 9 u of the fiber caliber spectrum. 
Chang (1956) in confirmation of his earlier work, found 
that the three peaks of antidromic action potentials could 
be recorded when both ipsilateral and contralateral optic 
tracts were stimulated simultaneously. 
The measurements by Lennox (1958) on 73 single fibers, 
using glass microel^trodes with tip diameter of 0.15 -0.4 u, 
calculated for the mean measured distance between stimulating 
and recording electrodes (41 mm.), the three significant 
latency groups corresponding to conduction velocities of 
about 52, 37 and 16 m. /sec.. Clearly this technique fails 
with small fibers below 2 u, which are the majority. 
Bishop and Clare (1955) could not confirm Chang's 
observation. They concluded from the electrophysiological 
data that the fibers of the optic nerve show four groups 
which differ in conduction velocity. The most rapidly 
conducting fibers (8 -12 m diameter, and conduction velocity 
40-50 m./sec.), carry information to the visual cortex with 
a synapse in layer A of the dorsal nucleus of the lateral 
geniculate nucleus; the next fastest fibers, 4 -8 u diameter 
and conduction velocity 15 -25 m. /sec., travel to layer B 
of the same nucleus and then to the lateral nucleus of the 
thalamus; the third fastest group innervates the pretectal 
area, and the slowest fibers go to the superior colliculus. 
The ratios of conduction rates of groups are roughly 2:1 
for successive pairs, the ratios of threshold are greater 
than 1 :2. 
So far, there is disagreement, as to whether there are 
two 03ishop et all 1953), three (Chang, 1952; Lennox, 1958) 
or four (Bishop and Clare, 1955) groups with different 
conduction velocities and fiber diameters crwhether the 
distribution curve according to fiber diameter is smooth. 
From available data (Bishop and Clare, 1955) one would 
be forced to conclude that the small fibers do not project 
to the cortex. But Granit and t íarg (1958), by stimulating 
in the tract and recording from the ganglion cells of the 
rabbit's retina with microcapil;.aries, found that many of 
the optic nerves come from tee smaller ganglion cells which 
belong to cones; and in the cat, by antidromic stimulation, 
the largest and fastest fibers have been shown to come 
from the giant ganglion cells (Granit, 1955). The good 
correlation between conduction velocity and the size of 
ganglion cell sn ke supports the contention that fiber size 
actually is rolat6d to the size of ganglion cell (Maturana, 
1959)° 
II. THE LATERAL GENICULATE NUCLEUS 
A. HIcTOLOGICAL STUDIES CF THE LATEHAL GENICULATE NUCLEUS 
The morphological characteristics of the cat's lateral 
geniculate nucleus have received a great deal of attention. 
The lateral geniculate nucleus consists of three dis- 
crete elements: - 
1. The pars dorsalis 
2. The pars ventralis 
3. The nuclei perigeniculatus, anterior and posterior. 
THE PARS DORSALIS 
In parasagittal section, the vars dorsalis =_s a con- 
voluted cellular mass of S shape consisting of an almost 
vertical plate of cells, with its long axis lying in the 
transverse plane. The bulb of the pars dorsalis consists 
of the basal limb of the S, a relatively thick plate of 
cells, almost semi -spheroidal in shape, lying in the horizon- 
tal plane at right angles to, and becoming continuous with, 
the posterior and dorsal plate of cells. Thuma (1928) has 
described 3 principal cellular laminae of the pars dorsalis 
which he designated A, Al, and B, dorsal to ventral, separ- 
} 
'ated from one another by two sparsely cellular, interlaminar 
fiber plexuses. Barris (1935) has discerned in it four 
layers in agreement with that described in the dog by Rioch 
(1929). The various descriptions, however, are essentially 
equivalent and differ only in terms of discreteness accorded 
to the layer of large cells present between the two ventral 
laminae Al and B. These two laminae have each a character- 
istic cellular structure and are separated from each other, 
not by a prominent nedull.ary lamina, comparable with that 
of the more dorsally placed A -A1 interlaminar plexuses, but 
rather by a cellular transitional zone characterised by the 
presence of scattered, large, deeply staining cells. These 
large cells were considered by Thuma, the "nucleus inter- 
laminalis centralis ". Rioch, in Missal stained sections of 
the dog's lateral geniculate nucleus, described a discrete 
lamina magnocellularis lying immediately ventral to the 
Al lamina. Barris (1935), using Rioch's terminology, des- 
cribed the lamina magnocellularis in the cat as a thick and 
irregular layer of large cells present in the thickened 
anterior segment of the pars dorsalis, being completely ab- 
sent in the posterior segment where the laminae are aligned 
one behind the other. 
THE PARS DORSALIS 
The two dorsal. laminae A and .Al are of identical Pisto- 
logical structure arìd are separated byA Al interlamina 
fiber plexus. Anteriorly, where the laminae are horizontally 
disposed, they are 20 -25 cells thick, but posteriorly, where 
the laminae are vertical each is greatly reduced in thickness, 
being here less than 10 cells thick. These two cellular 
laminae are characterized by a fairly uniform distribution 
of small (10 -20 u) 
, 
medium (20 -25 iu) and large (30 -40 u) 
cells, in number generally inversely proportional to their 
size. Hayhow (1958, 1959), confirms the views of Tello (1904), 
Cajal (1955), Taboada (1927), O'Leary (1940), and Bishop 
(1953), who have described the cells in the pars dorsalis as 
belonging to two main types, principal and sort axon cells 
respectively. The principal cells are those whose axons 
enter the optic radiation, while the short axon cells have 
processes confined to their laminae of origin. The cells 
tend to be aggregated into small clusters or glomeruli con- 
taining six to eight cells, their dendrites, arising from 
several shafts, branch extensively at their origin to give 
rise to an exceedingly dense protoplasmic plexus. The den- 
drites of cells whose bodies are situated away from the sur- 
face of a layer arborize in all directions, the cells situated 
near the surface of a layer having most of their dendrites 
directed towards the center of the layer. O'Leary (1940) 
found the short axon cells scattered throughout the three 
laminae, but in all cases the distribution of the axons and 
dendrites was limited to the layer in which the cell body was 
situated. 
THE PARS DORSALIS B 
Pars dorsalis B is also a sigmoid lamina containing 
medium size spindle -shaped cells, situated between pars 
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dorsalis Al dorsally and the layer of dispersing optic tract 
fibers ventrally. It is of greatest thickness in the center 
of the anterior pole of the pars dorsalis where the laminae 
are horizontal, being reduced. in extent in the posterior 
vertical segment and almost absent in the extreme lateral 
and anterior aspects of the pars dorsalis. Cajal, O'Leary 
and Hayhow have drawn attention to the histological features 
of this lamina w'dch distinguished it from the A and Al 
laminae; its characteristic population of spindle cells, 
its afferent supply by predominantly small diameter fibers, 
and the orientation of the terminal axon arborization in 
the plane of the lamina and not radially across it as they 
are in the A and Al laminae. Hayhow (1953) has suggested 
the existence of a functional differentiation for lamina B 
from these differences. 
NUCLEUS IN"lL1dLAí'ZINALIS ì'1EDxALIS 
Thuma (1923) also described a diffuse cluster of cells 
situated between the pars dorsalis laterally and the pulvinar 
medially; dorsally and ventrally this defined plate of cells 
was limited by the rami of the optic tract, this group of 
small cells being named i / nucleus interlaminalis medialis" 
A similar intermingling of cells in the posterior region of 
the ars dorsalis with those of the pulvinar Ir:s boon des- 
cribed in the dog by Rioch. 
- lo- 
Hayhow (1958), in a comprehensive study, has made it 
possible to clarify the nature of the r. a ther obscure most 
medial region of the pars dorsalis, which Thuma has desig- 
nated as the nucleus interlaminalis medialis. He described 
the nucleus interlaminalis medialis as three poorly defined, 
approximately vertically orientated bars of cells, which from 
medial to lateral, are continuous with pars dorsalis B, the 
ventral component of pars dorsalis Al and pars dorsalis A 
and B. These groups of cells are situated along the medial 
edge and just under the medial edE.e of the main nucleus. 
On account of the general similarity in the distribution of 
the homolateral and contralateral optic tract fibers within 
the pars dorsalis and the region of the nucleus interlaminalis 
medialis, it is .,justifiable to view the latter as a relatively 
independent acces::cry pars dorsalis. 
THE PARS VENTRALIS 
The pars ventralis is a small pyramidal mass of cells 
located between the medial and lateral rami of the optic 
trat, ventrolateral to the pars dorsalis and separated from 
the latter by a thin fiber stratum. It is composed predomin- 
antly of very small cells (5 -10 u). Anteriorly it becomes 
continuous with the nucleus perigeniculatus anterior. 
THE NUCLEI PERIGENICULA'TUS, ANTLR1:_.R AND POSTERIOR 
The nucleus perigeniculatus anterior is an attenuated, 
irregular layer of small cells, forming a cap over the anterior 
and dorsal surface of the pars dorsalis A. The nucleus peri- 
geniculatus posterior ferns a cap of small cells over the 
posterior end of the pars dorsalis Al and is in apparent 
continuity with pars dorsalis B. 
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B. ELECTRCFHYS`iC)LQGICAL STUDIES OF THE LATERAL GENICULATE 
IùVCLEUS 
The major electrophysiological method in studying the 
lateral geniculate nucleus is the study of "evoked potentials ", 
elicited by electrical shocks, or light, and considerable 
amount of t:_is work has served two main purposes: either to 
further understanding of the general problems of synaptic 
transmission in the central nervous s,:-stem, and to elucidate 
the nature of the sensory input of the visual pathways, 
The studies of synaptic transmission in the lateral geniculate 
nucleus are reviewed by Creecitelli (1960) , and Bishop (1964). 
This latter author co,_centrated on certain aspects of the 
properties of the geniculate neurons such as interpretation 
of unit wave forms, spontaneous activity, repetitive firing 
and refractory period of geniculate neurons. 
Largely through the work of Kuffler (1953, 1957) in the 
cat, and Barlow (1953 a,b) in the frog, retinal ganglion cells 
are known to have a well defined, concentric receptive field 
arrangement. Hubel (1960), by recording from single units in 
the unrestrained cat with tungsten microe?ectrodes, studied 
the patterns of firing and responses to diffuse and restricted 
light stimuli, and found that most geniculate cells responded 
briskly to diffuse light stimuli. In sleep, the units tended 
to fire impulses in brief, high freruency clusters. Arousal 
or activation by light stimulation abolished these clusters. 
- 13 
Similar firing patterns and responses were recorded from 
fibers in the optic radiation and the striate cortex below 
layer IV. These fibers were nresumed to beL2eniculate axons. 
These hdd a concentric arrangement of excitatory and inhibit- 
ory ('on' and 'Leff') regions, similar tc that described for 
retinal ganglion cells by Kuffler (1953). 
Hubel and [Ziesel (1961), studied the single unit respon- 
ses in the lateral geniculate nucleus of the cat under sodium 
rentothal anaesthesia and irirobolised the eyes by succinyl- 
choline. They stimulated the retina with a spot of light sub- 
tending 2° at the eye and with the annulus of light subtending 
2 
0-60 
at the eye between its inner and outer borders. They 
found that, in their general arrangement, geniculate receptive 
fields resembled those retinal ganglion cells described by 
Kuffler (1953) and Wiesel (1960), having an excitatory ('on') 
center and inhibitory ('off') periphery, or the reverse. 
The two portions of a receptive field were mutually ntaÚon- 
istic . Cells recorded in layer A and i; of the lateral geni- 
culate nucleus were driven from the contralateral eye; cells 
in layer Al from the ipsilateral eye. All these layers con- 
tained both 'on' center and 'off' center units. Cells in 
layers A and Al were similar both in their firing patterns 
and in average receptive field size. Cells in layer B were 
more sluggish in their responses to light stimuli, and tended 
to have a larger receptive field center. 
Seneviratne and Whitterid ge (1962) , and Seneviratne 
(1963) have also recorded activity in single units in the 
cat's geniculato nucleus, anaesthetises: with chloralae, and 
have excited the units by a small spot of light subtending 
1/2 -2°. Of 162 units studied, they found that the under sur- 
face of both layers A and Al contain "center onto units and 
the laer surface of both contain S4center off" units. . All 
B units are extremely sensitive to stray light, and react 
strongly to changes in background illumination, in contrast 
to the mare sluggish responses of layer i3 by Fiubel and Wiesel 
(1961), under barbiturate aneasthesia. Other barbiturates, 
including nembutal, also auppress the responses (Whitteridge, 
unpublished observations). 
The activity of the cells in lamina B seems different 
to those 4of A and Al in many aspects: by virtue of the 
absence of segregation of 'on' and 'off' center units, the 
greater proportion of 'off' units to 'on' units, the greater 
proportion of continuous 'off' with respect to short 'off' 
effects, and the greater proportion of units with larger 
receptive fields and lower thresholds. Some unito in B had 
very low thresholds, alr.:rost equal to that of the fully dark 
adapted eye of the observers to the level of background 
illumination (Seneviratne, 1963). 
Kosak et al (1965), studying the response of single 
units in tree lateral geniculate nucleus of the cat to moving 
stimuli, using moving cardboard figures under servo-mechanism 
control, found the on- center units firing transiently either 
15 - 
to the mover 'lent of a white figure into their receptive fields 
or the removal of a black ficure. Conversely off- center 
units were found to fire trans ently either to the movement 
of a black figure into or a white ficure out of, their recep- 
tive fields. The response patterns of L.G.N. units were 
found to vary in a characteristic manner as the size, shape 
and speed of the figure were varied. 
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C. PROJECTIONS OF THE RETINA TO THE LATERAL GENICULATE 
NUCLEUS 
THE PARS DOPSALIS 
In the cat, the primary thalamic termination of optic 
fibers is the -ars dorsalis of the lateral geniculate nucleus. 
From transneuronal studies, Minkowski (1920), Barris (1935), 
Silva (1956) ; from Nauta studies , Hayhow (1953) ; and from 
olectrophysiolo;ical studies, Cohn (1956); it has been 
established that crossed optic fibers terminate exclusively 
in laminae A and B whereas uncrossed optic fibers terminate 
in the lamina Al of each lateral geniculate nucleus. 
Bishop and .Aare (1955), studying the conduction velo- 
city of the cat's optic tract, have shown that the fastest 
conducting group activates principally layer A (and Al homo- 
laterally) in agreement with the largest fiber observed by 
Cajal (1955); Thuma (1923); Barris, Ingram and Ranson 
(1935); O'Leary (1940); Bishop and O'Leary (1940). The 
next fastest group relays through layer B to the lateral 
nucleus of thalamus. 
O'Leary (1940) has shown that individual optic tract 
fibers end within a single cellular layer and in the adjacent 
interlaminar margin. Individual lamina cells probably make 
synaptic contact with several different fibers. Each optic 
tract fiber of the cat probably terminates with extensive 
overlap in an area containing about 10 laminar or principal 
cells, Glees (1941), as opposed to the situation in the 
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monkey where there is apparently little or no overlap of 
terminals of different fibers, Glees and Clark (1941) . This 
overlap may provide in the cat a neuroanatomical basis for 
great sensitivity in low illumination. 
Brindley (1960) suggested that the determination of the 
relationship between number of optic tract fibers and neurons 
within the L.G.N. could have important functional implications 
concerning possible modifications to transmitted visual infor- 
mation at thalamic level. 
THE REPRESENTATION OF THE RETINA ON THE LATERAL GEN1CULATE 
NUCLEUS 
A .rchi degeneration studies reported by Ovorbosch 
(1927) indicate a retinotopic organization of optic terminals 
within the pars dorsalis of the lateral geniculate nucleus, 
with the lower retinal quadrants represented dorsal to the 
upper and the temporal quadrants represented lateral to the 
nasal. Since Overbosch (1927) no further anatomical studies 
have been carried out in respect to the retinotopic projec- 
tions in the cat. Additional information is available from 
studies of retrograde geniculate degeneration following cor- 
tical lesions, Minkowski (1913), Putnam and Putnam (1926), 
and Polyak (1927). 
Seneviratne and Whitteridge (1962), and Daniel et al 
(1961) have also studied the topographic representation of 
the visual field on the lateral geniculate nucleus in the 
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oat. They claim that the retinal mapping agrees well with 
the other data, am the central 9°-10° occupy almost half 
of the nucleus, but the field below the horizontal meridian 
sees to have an exaggerated representation. In addition, 
they have also found the second representation of the retina 
at the medial tip of the nucleus which is the mirror image 
of the first nucleus and has about 1/4 of the magnification 
factor. They have not found behavioural differences between 
the twoareas. They explained that the second visual area 
is apparently identical with the nucleus interlaminalis 
medialis. 
Bishop et al (1962), studied the projection of the 
retina on the L.G.N. of the cat, using a system of polar - 
co- ordinates, with polar axis passing through the nodal :,oint 
of the eye, at right angles to the presumed fixation plane. 
They found the upper field quadrant projecting posteriorly 
on the nucleus with the lower field anteriorly and the peri- 
pheral field lateral on the nucleus. 
Seneviratne (1963) gives the information in detail, that 
the central part of the right visual hemifield is projected 
on the medial aspect of the left nucleus, the lower field 
quadrants on its dorsal and antero -inferior aspects, while 
the upper field quadrant is presented on the surface of the 
portero- medial curl which represents only theupper field 
quadrant. At that time the lower field quadrant had not yet 
been found. 
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The existence of a secondary area at geniculate level 
has also been observed by Chouhury and Whitteridge (1964) 
in the rabbit. Though the responses from their secondary 
area apparently do not conform to a mirror image of the whole 
of the primary area, hare _ : - duplication of the lower nasal 
field of primary area is inc7!snutable. 
The disparity of area; devoted to the upper and lower 
field quadrants of L.G.N. of the cat do not, however, seem 
to have these differences reflected in the ganglion cell 
counts of upper and lower retina, Seneviratne (1965). These 
cell counts seem to fall off equally in both directions 
along the vertical plane passing through the area centralise 
and similar findiziús are also obtained by Stone (1965) in 
making the quantitative analysis of distribution of the 
ganglion cells from the whole amount of the retina. The map 
shows a great increase in density at the central area and 
also in a horizontally orientated arm of relative high density 
extending from the central area into nasal and temporal reti- 
nae, but shows no difference between the upper and lower 
halves. 
Recently, Laties and Sprague (1965) , using Nauta- 
Laidlaw technique, confirmed IIayhow's studies, and they, 
after making lesions by photocoagulation, found that the 
nasal retina projected to four area of the contralateral 
L.G.N.: laminae A and B, nucleus interlaainalis centralis, 
and medial part of nucleus interlaminalis meclialis. 
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Temporal lesions projected ipsilatcrally to three areas: 
Laminae Al, nucleus interlaminalis centralis, and lateral 
part of the nucleus interlaminalis medialis. Peripheral 
lesions yield medial focal areas of degeneration in the 
appropriate lathinae. Central lesions give a greater degree of 
degeneration than peripheral lesions of comparable size. 
Focal degeneration is found in the nucleus interlaminalis 
medialis after either central or peripheral retinal lesions. 
THL PARS VENT:GA:A:5 
O'Leary (1940) described terminations within the 2ars 
ventralis of collaterals from thin optic tract axons, which 
made synapses in the pars dorsalis. Hayhow (1958) has 
demonstrated termination of both crossed and uncrossed optic 
fibers within this nucleus, confirming earlier studies by 
Ramon Cajal (1904), Minkowski (1920), O'Leary (1940) and 
polyak (1957). Although Barris et al (1935) and Barris 
(1935) failed to demonstrate optic termination within the 
pars ventralis. Altman and Carpenter (1961), however, have 
shown that this nucleus recej.ves afferent input through 
ascending fibers from the superior colliculus, and Litman 
(1962) has also described afferonts to this nucleus from the 
pars dorsalis. 
III. THE SUPERIOR COLLICULUS 
CATS 
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A. HISTOLOGICAL STUDIES OF THE SUPERIOR COLLICULIIS 
Like other regions in the nervous system` the mammalian 
optic toctuna has been subdivided differently by various 
observers, depending upon the animal studied and the partic- 
ular relations the worker was seeking to emphasize. A nine 
layer pattern described by `osai (1925) and Huber and Crosby 
(1943) is used as a basis for description of the cat's 
superior col°..iculus. 
From above downward, these are:- - 
I. Stratum Tonale 
This corresponds to the stratum zonale of Ramon 
Cajal (1955) and Winkler and Potter (1911, 1914) for the 
rabbit and the mat. It consists of a narrow band of fibers 
with small intercalated neurons. 
II. Stratum grisaum superficiale 
This stratum is comparable to the stratum griseum 
superficiale of Winkler and Potter (1911, 1914) for the rabbit 
and the cat. This layer has small and medium -sized cells 
intercalated in course of outspread terminal fibers. 
III. Stratum opticum 
This layer corresponds to the stratum opticum of 
Ranson (1940) for man, and Tsai (1925) for the opossum. 
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It is well developed, shows sole intercalated neurons, 
corticotectal and optic components with medullated fibers. 
IV. Stratum griseum intermediale 
This corresponds to the stratum griseum intermedium of 
Winkler and Potter (1911, 1914) for the rabbit and the cat, 
stratum griseum medium (Tsai, 1925) for the opossum. 
Relatively wide gray band, small to medium -sized cells inter- 
mingled with fiber fascicles, occasional larger neurons are 
the characteristics of this layer. 
V. Stratum album intermediale 
This is represented in the stratum medullare inter - 
medium of Winkler and Potter '0911, 1914) for the rabbit 
and the cat, stratum album medius of Tsai ( 1925) for the oposs- 
um. It is well developed, poorly delimited, with numerous 
fascicles, some intercalated cells. 
VI. Stratum griseum profundum 
`iris stratum appears to co-respond to the stratum 
griseum profundum of Winkler and Potter (1911, 1914) for the 
rabbit and the cat, and Tsai (1925) for the opossum. It is 
not sharply delimited. Medium -sized triangular to pyramidal 
cells and occasional larger multipolar, relatively numerous 
fiber fascicles are the characteristics of this layer. 
VII. Stratum album profundum 
This is the homologue of stratum medullare profundum of 
Winkler and Potter (1911, 1914) for the rabbit and the cat, 
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stratum album profundum of Tsai (1925) for the opossum. 
It has a distinct band of commissural and efferent fibers. 
VIII & IX Stratum griseum et stratum fibrosum peri- 
venticulare 
Dios t students of mammalian brains have not considered 
the periventricular layers as a part of the optic tectum. 
Often they have been included in the central gray. They are 
composed of snip.? to medium -sized neurons with massing of 
the fibers internally, thinly medullated and unmedullated 
fibers, and cells of the mesencephalic root of V at outer 
border at many levels. 
B. ELECTROPHYSIOLOGICAL .5TUUIES OF THE SUPII2IOR COLLICULUS 
A pioneer study was made on evoked potentials in the 
superior colliculus by Wang (1934), stimulating the retina 
wit h light, and by Wang and Lu (1936), stimulating by shadow 
move_ }eats across the visual field. Later, electrophysiolog- 
ical studies of the superior colliculus have been much 
devoted to the mechanism of the oculomotor system. Bishop 
and O'Leary (1941, 1942) analysed the potentials recorded 
from the superior colliculus of to cat and rabbit. 
In lightly anaesthetised cats with sodium pentobarbital, 
Apter (1946) applied strychnine to a localized (1 mm2) area 
of the right superior colliculus. If the light were then 
shone into the eyes, both eyes moved to fixate a single 
point in the left visual field irrespective of the eye posi- 
tion at the beginning of the movement. Each point on the 
superior colliculus was found to regulate movements of the 
eyes to a particular part of the visual field, medial points 
causing upward lateral movements, lateral points causing 
downward lateral movements, each colliculus always causing 
movements to the contralateral visual field. The map of 
fixated position on the surface of the superior colliculus 
more or less coincided with the electr. onhysiological map of 
the visual field on the sunerior colliculus. 
Altman and Malis (1962), anaesthetised the cat with 
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nembutal, recorded potentials from the superior colliculus 
and visual cortex evoked by licit flashes at the eye and 
electrical stimulation of the optic nerve. Three function- 
ally differentiated layers of the superior colliculus were 
distinguished; a dorsal layer in which evoked potentials 
and single units responding to optic stimuli were obtained; 
an intermediate layer in which evoked potentials of unchanged 
amplitude, but no driven units, were recorded; and a ventral 
layer in which evoked potentials were greatly reduced, and 
whore only "spontaneously" discharging units were found. 
They classified the optically driven units as those firing 
with short latency, with long latency, to light -on only, 
to light -on and light -off, and those inhibited by photic or 
optic nerve stimuli. They interpret their three functional 
layers in terms of a dorsal layer of discharging cells 
which respond to optic stimulation, an intermediate layer 
of fibers which bring optic stimuli to the colliculus, and 
a ventral layer which contains cells that respond to extra - 
optic stimulation of unknown origin. The absence of histo- 
logical control wit ?.the technique in this study leads them 
to comment that for definitive results on laminar organiza- 
tion, the microelectrode technique should be combined with 
histological identification of the exact sites of recording. 
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C. PROJECTIONS OF THE RETINA ON THE SUPERIOR COLLICULUS 
Afferent connections of the superior colliculus of the 
cat enter chiefly through the stratum opticum or the stratum 
griseum intermediale, as observed by Cajal (1955) after 
enucleation of one eye, and Ma.rchi degeneration was limited 
to the superficial fibers of stratum opticum. Huber and 
Crosby (1943) also claim that the retinotectal fibers pass 
dorsally, corticotectal fibers, ventrally. Cajal (1955) 
also demonstrated a rich and complex terminal arborization, 
especially for those optic fibers which terminate in the ad- 
jacent gray layers (stratum priseum superficiale and stratum 
griseum intermediale), but do not rise to the more superficial 
stratum zonale. This latter layer contains only cortico- 
tectal fibers which also ramify in the deeper layers. These 
have been confirmed by later workers - Polyak (1927), Mettler 
(1932), Barris et al (1935), Beresford (191), and Altman 
(1962). Both anatomical data - Barris et al (1935), Altman 
(1962) - and physiological data - Apter (1945), Altman and 
Nails, (1962) - have shown many more optic fibers originating 
from the contralateral retina than from the ipsilateral 
terminate within the superior colliculus of the cat. 
Bishop and Clare (1955) have demonstrated electro- 
physiologically that the third Group of slow conducting 
fibers terminates in the superior colliculus and the latencies 
of the postsynaptic spike are 9 -11 m /sec., giving on estimated 
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conduction rate of approximately 3.5 m/sec.. This result 
is in agreement with the conduction rate 5 zn /sec of retino- 
tectal fibers, measured by Altman and Malis (1962). 
Additional inDut to the superior colliculus includes 
ascending fibers from the brain stem and spinal cord through 
the spinotectal tract, and fibers from the reticular systems, 
all entering through the stratum album intermediale and 
ramifying in the adjacent gray layers (Huber and Crosby, 
1943; Morin et a }, 1951 and Anderson and Berry, 1959). 
THE RETINAL REPRESENTATION ON THE SUPERIOR COLLICULUS 
Studies of degenerating myelinated fibers following 
circumscribed lesions of the retina have shown the presence 
of a systematic projection of the retinal quadrants on the 
superior colliculus of the rabbit (Brouwer and Zeeman, 1923), 
rat (Lashley, 1934), but have failed for the cat (Brouwer and 
Zeeman, 1923). However, Hoessly (1947) demonstrated retinal 
quadrant_ic representation on the superior colliculus by 
mea :.s of the Marchi method, and the results establish 
differentiated representation of the peripheral fields on 
the optic tectum. 
Apter (1945) has demonstrated electrophysiologically 
a systematic projection on the surface of the superior colli- 
culus of the cat by recording action potentials with moist 
wic- electrodes, using as a stimulus a spot of light sub - 
tendin; 4.2° in the field, finding the position of the 
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electrode at which the evoked response was of minimal 
latency and minimal amplitude. She has found that there 
is a systematic projection of the temporal field or nasal 
retina of the left eye on the right superior colliculus, 
of the nasal field or tern oral retina of the right eye on the 
left superior colliculus. The upper field is projected on 
the superior colliculus medial to the lower field. Points 
along the vertical meridian are projected at the anterior 
edge of the superior colliculus. In each collicular surface 
the representation of the ipsilateral temporal half field and 
the contralateral nasal half field were superimposed in such 
a manner that corresponding points in the homonymous half 
fields were in register. 
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MONKEYS 
A. HISTOLOGICAL STUDIES OF THE SUPERIOR COI,LICULUS 
The superior colliculi of the primate greatly decrease 
in size and receive a decreasing number of optic fibers. 
According to Huber and Crosby (1943) the following 
strata may be recognized: 
I. Stratum Zonale 
It is a narrow band of fibers containing a few small 
scattered neurons. 
II. Stratum griseum superficiale 
It is composed of small to medium sized, frequently 
triangular neurons without regular arrangement. 
III. Stratum Opticum 
This layer is well developed but indistinctly delimited. 
Small intercalated neurons and medullated fibers are found. 
IV. Stratum Griseum Intermediale 
This stratum is fairly wide. Cells among fiber fasc- 
icles lie those of stratum griseum superficiale are found. 
J. Stratum Album Intermediale 
This layer is composed of clusters of cells among 
fiber fascicles. 
VI. Stratum Griseum Pro 'undum 
Small, medium and relatively large triangular, multi- 
polar or polyhedral cells are found with numerous fiber 
fascicles. 
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VII. Stratum Album Profundum 
This broad layer is composed of clear -cut medullated 
bundles; laterally ire a few neurons of the overlying 
larger cells. 
VIII Pr IX. Stratum C:riseum et Stratum Fibrosum 
Periventriculare. 
The celle are small, freouently spindle shaped neurons 
without regular arrangement and bordered internally by thinly 
medullated or un- medul':ated reriventricular fibers. 
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B. PROJECTIONS OF THE RETIrA TO THE SUPERIOR COL.':,ICULUS 
The projection of the retina is known to be in accord- 
ance with a definite pattern for various experimental animals. 
In the primates, the number of optic fibers to the superior 
colliculus is so greatly reduced that the attempts to obtain 
this eai:tern in the monkey have not been very successful, 
Crosby et al (1962) . 
Brouwer and Zeeman (1926) studied the projections of 
the retina in the optic center in the monkeys by Marchi 
method. They found the projection of the retina to the 
superior colliculus, but the fibers are very small, especially 
on the uncrossed side. They emphasized that the degenerations 
were constantly absent after macular lesions. They also 
suggested that in the monkeys there is a localization of 
the different parts of the retina in the superior colliculus 
but tbeir material is, however, too limited to give a 
detailed scheme. 
Daniel and Whitteridge have recorded the multiple resp- 
onses from the superior colliculus of the monkey within 
15 -20o of the visual axis and have pointed out that the 
peripheral field seems to have a very restricted representa- 
tion, (Whitteridge, 1961) . 
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IV. THE OCCIPITAL CORTEX 
A. THE VISUAL AREAS 
The occipital region of the cat has been studied by 
numerous investigators. Brodrnann (1909j, in his well known 
classification, has divided the occipital cortex of the at 
into 3 areas: area striata (17), area occipitalis (18), and 
area preoccipitalis (19). Winkler and Potter (1914) suggested 
other names. Their preoccipital area is Brodniann's occipital 
area, and their paroccipital area is Brodmann's preoccipital 
area. According to Otsuka and Hassler (1962), based on 
Brodmarin classification, the striate area occupies on the 
medial aspect - the splenial, supraspienial, and postsplenial 
gyri; superiorly, a medial staip of the lateral gyrus and 
the postero-lateral gyrus. The occipital area (18) lies 
solely on the convexity in the ildle of the lateral gyrus 
immediately lateral to the striate area, and extends to the 
bottom of the postero-lateral gyrus. The preoccipital area 
(19) surrounds both the others. It occupies the medial wall 
at the bottom of the splenial suldus, and often also a part 
of the posterior suprasplenial gyrus. 
Comparison with other authors; their occipital area is smalle 
than that of Winkler and Potter (1914), and Winkler and Potter 
(1914) show part of it on the medial aspect and in the splenia 
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sulcus, but Otsuka and Hassler do not find any there. 
Recently Ebner and Myer (1965), using Nauta -Gyax silver 
technique, after total forebrain com:.issure transaction in 
the cat, found that the striate cortex was remarkably free 
of degenerating fibers, while the part of area 18 lying lat- 
eral to area 17 on the lateral gyrus contains the greatest 
number of degenerating fibers. A narrow part lying just 
lateral to the area 18 on the convexity is free of inter- 
hemispheric connections. 
The cytoa.rc:.:itectonic and rnyelotectonic structure of the 
occipital region has beep studied by Campbell (1905), 
Brodmann (1906), Winkler and Potter (1914), O'Leary (1941), 
and (: tsuka and Hassler (1962) with some modifications. The 
six layers according to Brodmann are named, from above 
downward: I. Lamina molecularis, II. Lamina granularis 
externa, III. Lamina pyraxnidalis, IV. Lamina granularis 
interna, V. Lamina ganglionalis, ana VI. Lamina multiform.'. 
The area striata of the cat was also thoroughly investigated 
by Ramon Cajal (1922). At that time, he reduced his orig- 
inal nine to an eight layer _.elan, and indicated the corres- 
ponding levels of the Brodmann classification. 
The stru.ctural plan of the area striata of the cat was 
studied in detail by O'Leary (1941) , using Nissl and Golgi 
preparations, but he suggested other rames. The names of the 
layers: corresponding to Brodmann, are as follows: 
I. Plexiform, II. Modified superficial pyramids, III. Super- 
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ficial pyramids, IVa. Star pyramids and star cells, 
IVb. small star cells, Va. Pyramids with arciform axons, 
Vii. Large internal pyramids, and VI. Basal pyramids 
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B. ELECTRCPHYSIOLOGICAL STUDIES OI'' THE OCCIPITAL CORTEX 
In the cat's visual system, the receptive field 
arrangement of single cells suggested that there is a 
greater degree of complexity than at the lower level of the 
visual system. Hubel (1960) , Hubel and Wiesel (1959, 1962, 
1963, 1965), in their extensive work in electrophysiology 
Of the visual system, have shown that visual messages under- 
go considerable modification, within the retina, lateral 
geniculate nucleus, and especially visual cortex. Retinal 
ganglion cells respond optimally to an appropriately placed 
spot of light just the right size, a smaller or larger is 
less effective. Cells at these levels therefore register, 
not simply the illumination between a region and its 
surround. In the striate cortex cells are far more complex. 
The cortical cells may be classified by function into 
three large grows (Rubel and Wiesel, 1959, 1962, 1965). 
s 
The first group of "simple" cortical cel s resi oric1 to line 
stimuli - such shapes as slit (light lines on a dark back- 
ground), dark bars or edges. For maximal response the posi- 
tion and orientation of the receptive field tail vary from 
column to column. The second group of "complex" cells also 
respondA best to line st .muli, provided that, as with simple 
cells, the shape is suitably orientated for the particular 
cell finder observation. Complex cells, however, are not so 
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discriminating as to the enact position of the stimulus, 
provided that it is properly orientated. 
The third group of cells, 'hyper-complex', can be 
divided into 2 subgroups: lower- order hyper -- complex cells, 
like complex ones, but the length of the stimulus had to be 
limited in one or both directions. This kind behaves as if 
it received inputs from two complex cells or sets of cells, 
one excitatory to the cell, with receptive field occupying 
the activating region, and one inhibitory to the cell* having 
its field in the antagonistic portion.. The higher-order 
hyper- complex cells, however, differ from the lower -order 
hyper- complex in responding to the line in either of two 
orientations 90° apart, and the point where the terminations 
of the line or edge fall within the receptive field is 
necessarily critical. These cells behave as if t_..ey have 
their input from a large number of lower-order hyper -complex 
cells. 
The great majority of cells in visual II and half of 
the cells in visual III are complex, loner -or der hyper - 
complex cells. 5-10% of the cells in visual II, and about 
half of those in visual L I are higher -order hyper-complex. 
(Hubei and Wiesel, 1965). 
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C. PROJECTIOITS TO THE VISUAL CORTEX 
The primary afferent supply to the striate area of the 
cat comprises the optic radiations from the lateral geniculate 
nucleus - Minkowski (1913), Polyak (1927), O'Leary (1941), 
and Sholl (1953, 1955) - which passes into Gennari's line, 
there to ramify extensively. Sholl (1955) concluded that 
each geniculate fiber mny influence up to 5000 neurons within 
a volume of 0.1 mm5 of cortex. 
`lectrophysiological evidence has shown that the caudal 
part of the middle suprasylvian gyrus obtains its principal 
supply from the pulvinar, and the rostral mart of this gyrus 
from the lateral thalamic nucleus, Waller and Barris (1937) , 
and the postero- Medial extent of this gyrus fron the lateral 
geniculate nucleus (Polyak, 1927). 
Vastola (1961) obtained short latency responses at the 
medial lip of the middle hart of the contralatoral supra- 
sylvian gyrus by stimulating the optic nerve electrically. 
The response in the suprasylvian cortex is not altered by 
isolating the ipsilateral gyri lateralis, postero- lateralis, 
splenialis, and suprasplenialis or by destroying the contra- 
lateral L.G.N. or optic tract. T::,e response is abolished 
by anodal polarization of the ipsilateral L.G.N. These 
observations suggest that the suprasylvian area represents 
a direct pathway activated by fast fibers from the ipsilateral 
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L.G. "N. and the striate cortex which receives the primary 
radiation fibers is Part o f a considerably larger cortical 
area innervated by a system of secondary fibers. In addition, 
the primary and secondary fibers originate in the geniculate 
cells innervated by the fastest grou J of fibers in the optic 
tract. Vastola suggests that he group of cells in the 
ventrolateral portion of the dorsal nucleus of the lateral 
gen _culate body is the site of origin of the secondary 
re ponse . 
THE RETINAL REPRESENTATION OF THE C7CCIPISAL Xn'wIX 
Talbot (1940), Talbot and Marshall (1 941), mapped 
electrophysiologicàlly ̀ he retinal representation on the 
occipital cortex. By this roethoc', the left half of each 
retina was found to project to the left cortex., the right 
half to the right; the lower field is forward .,ion the brain, 
the upper occipital. The vertical meridian of vision ex- 
tends forward and bac.ward along the midline. The upper 
right quadrant of the field projects to the left gyrus com- 
positus medians, with the extreme right periphery around 
the lateral tip of sty lcua lateralis. The lower right quad- 
rant projects to the medial wall of the left marginal 
gyrus, with the periphery along the upper lip of sulcus 
splenialie. The right horizontal meridian follows the later- 
al limb of sulcus splerialis inward toward the midline. 
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Talbot (1942), also has described the .second visual area 
as related anatomically to 18; it seems lateral to the 
lino, dia_unally along the lateral gyrus into the bottom of 
the ?os ero- lateral sulcus; and confined anteriorly to the 
lateral g:_,-rue and posteriorly to t:_ ; suprasylvian. 
Bilge, Sep evirat.ne, and Whitten idge (1963) also mapped 
the visual cortex of the cat, and have confirmed the work of 
Talbot (1940) for visual I, that the lamest part of this 
area lies on the medial surface of the cerJbra1 cortex, at 
its posterior pole, and to a slight extent on the tentorial 
surface, only a strip a fete millimeters wide is to be found 
on the dorsal surface. They have added the information that 
the lower field below the horizontal meridian has much greater 
representa Lion than that above the horizontal meridian. 
Lateral to the visual I they have also observed Talbot's 
visual II, occupying the greater part of the lateral gyrus, 
as a mirror image representation of the lower half of the 
visual field. 
Hubel. and Wiesel (1965), using eiectrophysiolo gical 
and histological methods, escribed the visual areas I, II, 
and III. They commented that these physiologically defined 
areas, visual I, II, and III, are identical to the areas 
defined anatomically as 17, 18 and 19. Tee boundary between 
17, 18 and 19 can thus be assessed by four independent methods 
the Niscl- stain, the myelin_ stain, silver degeneration 
Lo 
technique, and physiological mapping. In their ex7ceri rents 
so far, they have shown only the transitions between visual 
I, II and III on the dorsal surface of the visual cortex 
which represents only the lower field, but have neither 
information on the cortical area that adjoins 17 deep in the 
splenial sul cus and a region that Otsuka and Hassler desig- 
nate as 19, nor on the posterior portions of 17, 18, and 19 
where superior visual fiel dc,. have their representation. 
V. THE DESCENDING VISUAL PATHWAYS 
A. CENTRIFUGAL FIBERS TO THE RETINA 
There has been considerable anatomical evidence which 
indicates the existence of efferent fibers. Ranson y Cajal 
(1894), quoted by Granit (1962), described the fibers which 
terminate on the emacrine cells, and sug eeted that these 
fibers originated from somewhere outside the retina. 
Similar ccnclusions were drawn by Polyak (1957), and Maturana 
(1959). 
Granit (1955) recording from the retinal ganglion cells, 
investigated the effects of stimulation of the temporal 
region of the reticular formation, and concluded that the 
potentiation and inhibition, initiated by stimulation in the 
tegmental ?part of the reticular formation or even by stimu- 
lation of the optic tract, is due to stimulative of the centri 
fugal fibers. 
On the concept a f centrifugal fibers to the retina, 
Granit (1962) also writes "...We now have the general picture 
that somewhere, perhaps within the tectum, efferent nyelinated 
fibers possibly non- riyelinated in mammals arise which end on 
amacrine cells or within the plexiform layers, but it would 
be of great value, in view of Ramon y ::ajal's experiments with 
the dogs to be able to exclude recurrent collaterals" 
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Fillenz and Glees (1961) investigated the occu.rence of 
degeneration of the cat optic nerve fibers. Two different 
groups of fibers are distinguished which degenerated along 
two different time courses. One group consisted of fine 
fibers of 0.5-1.0 u in diameter and showed slower time course 
of degeneration. It is quite conceivable that these fibers 
are centrifugal fibers to the retina. (Notokawa, 1963). 
Cowan and Powell ( 1962, 1963), making lesions in the 
midbrain, demonstrated neurchistologically the degenerating 
centrifugal fibers to the retina in the pigeon. These 
fibers are larger than the normal optic fibers. Brooke, 
Downer, and :=dwell (1965), using the same technique, show 
centrifugal fibers to the retina of the cat and monkey. 
After section of the optic nerve in the cat, changes are 
seen in a few fibers in the optic nerve of the retina. The 
afi ectes axons, as in the pigeon, are larger than the optic 
nerve fibers. In the inner plexifor m layer, occasional de- 
gene. atir.`; fibers and terminals are seen. 
B. CENTRIFUGAL FIBM_T TO TEE LATERAL GErIICULATE NUCLEUS 
Barris, Ingram and Panson (1935), reported degeneration 
after lateral gyrus lesions in the superior colliculus not 
in the lateral geniculate nucleus of the cat. Altman (1962) 
has reported projections from superior colliculus to the 
lateral geniculate nucleus (layers A, A1, and intervening 
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interlaminar area) and the posterior nucleus of the thalamus. 
In the rat, Nauta and Bucher (1954) have reported cortico- 
fugal projections to the lateral geniculate nucleus particu- 
larly in the ventral part, as well as to the lateralis 
posterior nucleus. 'tiden and Ajrnorie- Marsan (19:A) have cited 
evidence by :`.;muta that the lateral gyros in the cat sends 
fibers to both dorsal and ventral parts of the lateral geni- 
culate n _cleus. 
I'Tien ?er and Jimenez- Castellanos (1950), using strychnine 
neuronogrsphy, have described corticofugal responses ipsi- 
laterally from stimulation of the posterior one -third of the 
lateral çyrus, chiefly in the S.C., but also frequently, 
responses were recorded in the pulvinar and in the anterior 
part of the lateral geniculate nucleus. Strychninization of 
the medial surface of the postern lateral ilyrus produced 
responses in the dorsal part of the ipsilateral lateral geni- 
culate nucleus, pulvinar, and superior colliculus. Widen and 
Ajmone- Marsan (1961) have also reported el.ectrophysiologically 
definite corticofugal effects upon the lateral geniculate 
nucleus after stimulating the small. area between the middle 
and posterior :_arts of the lateral and supras13lvian gyri, and 
also by similar studies (Ajmone- Farsan, and Norillo, 1961). 
C. CENTRIFUGAL FIBERS TO TUE SUPERTOR CGLLICULUS 
Subcortically, efferents from the lateral and posterior 
lateral gyri reach the brachium of the superior colliculus. 
Barris, Ingrain and Ranson (1935), using the l archi technique; 
Beresford (1961), using Nauta stain; have reported projection 
from the lateral and postero -lateral gyri to the ipsilateral 
superior colliculus, entering laterally the deep part of the 
stratum ppticuz and terminating in the superficial and inter- 
mediate gray :strata. 
Sprague (1963), utilizing Nauta -Laidlaw techniciue, has 
also shown that the critical areas studied terminated in diff- 
erent patterns within the colliculus, the anterior tart of 
the occipitalcortex projected to the postero -lateral half of 
the colliculus, and the posterior occipital cortex projected 
to the antero- medial half, terminating chiefly in optic and 
superficial gray strata. Fibers are found to project to the 
deep layers of the superior colliculus from the other neo- 
cortical areas. (Sprague, 1963). 
The available data lead Garey ( 1965) to suggest that any 
part of the cortex related to a specific part of the retina 
is directly related to that part of the superior colliculus 
which is directly related to the same part of the retina. 
Apparently the fibers from the retina and the visual cortex 
end chiefly in the same layer. Fibers from the other cortical 
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areas end predominantly in the deeper layers (Sprague, 1963), 
but the functional significance of this organization is 
not clear. 
 
VI. THE CEREBELLAR VISUAL AREA 
46 
Sherrington's view of the cerebellum as the ''head 
ganglion of the ;pro*oceptive system" was held to imply that 
this organ had to deal with proprioceptive information only 
until, exteroceptive projections were found almost simul- 
taneously by Snider and Stowell (1942, 1944) , vow and Ander- 
son (1942), and Adrian (1943) Snider and Stowell (1944) 
should be credited with the unexpected discovery that not only 
tactile but also auditory and visual "information" is repres- 
ented within the cerebellar cortex, although a few occasional 
observations of this kind had been reported previously by 
Gerard, Marshall and Saul (1936) . 
A. THE EXTENT OF THE VISUAL AREA 
Snider and Stowell (1944) performed experiments on an- 
esthetized cats, recording with moist wick electrodes, and 
using low intensity flashes from 3 w lamp placed 1 to 3 in. 
from the eye. Maximal responses were found in the lobulus 
simplex and tuber vernis (Larsell's lubules VI, H VI, and 
VII), although smaller and inconsistent responses were led 
occasionally from neighbouring areas, when chl_oralose anes- 
thesia was used. Another important observation was that the 
auditory areas coincided very closely with cerebellar areas 
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yielding a response to a flash of light. The visual responses, 
unlike the auditory, were only rarely obtained when the anes- 
thetic was sodium pentobarbital. Consistent results were 
secured only when anesthesia was induced by chloralose or by 
a mixture of chloralose and sodium pentobarbital. Snider and 
Stowelleuggested that the resistance to chloralose might ensue 
from an excitatory, strychnine -like action of this anesthetic. 
In all cases, there are two or three zones of maximal respon- 
ses in the region of the second turn of vermis. The posterior 
zone occupies the caudal portion of the tuber vermis, and 
frequently extends into the rostral folia of the pyramid, 
sometimes even into the medial portions of the right para- 
median lobule. 4 larger anterior zone of maximal response 
covers much of lobulus simrlex and the rostral portions of 
the folium- tuber. The rostral zone may be divided into two 
parts by a band of responses of smaller amplitude. 
Since, in these investigations, the possibility of re- 
cording cerebellar rhotic responses seemed to be dependent on 
a given experimental condition, namely the administration of 
chloralose, their significance was soon questioned. txastaut, 
Tquet, Roger, and Badier (1951) suggested that these cerebell- 
ar potentials were similar in nature to the subconvulsive, 
01irradiated" responses which ap'eared simultaneous"; on the 
non -visual areas of tLe cerebral cortex (quoted by Fadiga and 
Pupilli, 1964). They also suggested that retinal impulses 
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might reach the cerebellar cortex only in abnormal conditions, 
i.e., when the excitability of the tecto -cerebellar system 
had beet increased by the injections of the convulsant drugs. 
Whitlock (1952) was the first to snow the ,)ossibility 
of evoking cerebellar photic responses in unanesthetized 
preparations. His experiments were performed on decerebrated 
pigeons, owls, and ducks. Auditory and visual receiving 
areas were found in 1olia Vic (caudal declive), VII (folium 
and tuber vermis lobule), and VIII (pyramis). Whitlock 
emphasised that visual responses could be obtained only if 
the optic tectum was intact. 
That tLe photic response of the cerebellar cortex was 
a normal phenomenon, although undoubtedly distorted and 
magnified by chloralose anesthesia, was shown by radira, 
Pupilli, and Berger (1957). The responses of lobules VI and 
VII to photic stimuli were recorded in unanesthotised cats. 
They were decreased by cocanization, increased by injections 
of chloralose. These investigations have been carried out 
by means of flashes of white light; the flashing bulb was 
so placed as to obtain illuminations of 0.45 -7.8 megalux 
at a distance of 30 cm. from the eye. Surface evoked poten- 
tials were led with conventional silver ball electrodes; for 
deep recording platinum 20 u wire electrodes were used. The 
topographical distributions were on declive and folium 
vermis when using weak stimuli. With stronger stimulation, 
photic responses could be led als& fro';: folia of the lobulus 
ansiformis (sublobule H VIIa)e The responses were recordable 
from a much ::roader area while using chloralose anesthesia 
than in unanesthetized animals, so that for weak intensity 
stimulations, optic potentials- were consistently recorded 
from the cerebellar hemispheres as well as from the vernis. 
Actually, according to these investigations the area responding 
to visual volleys encloses the whole dorsal surface of the 
cerebellum, with the exception of the most caudal portion of 
the uvula. since only the dorsal surface has been explored 
in this connection, other regions cannot, be absolutely 
excluded. 
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B. AFFERENT PROJECTIONS TO THE CEREEELLAR. VISUAL AREA 
Snider and Stowell (1944) were the f fret to suggest the 
possibility of direct transmission of optic fibers through 
tecto-cerebellar pathways. They recorded from the cerebellar 
cortex of cats, in which the whole cerebral cortex had 
been chronically ablated. The existence of tecto- cerebellar 
fibers has been observed in the lower mammalian species but 
not in the cat. The only positive findings from anatomical 
studies on higher mammalian species seem to ho those reported 
by Ogawa and Mitoro (1933) , and Larsell (1947) in the dog 
and human embryo (quoted by Fadigc. and Punilli, 1964). To our 
knowledge, thus far ne author has ever described 
cer. ebellar fibers in the cat, where their existence is assumed 
by Snider and Stowell (1944) only on analogical co;:siderations. 
The hypothesis of indirect connections from the tectum 
through the pontine nuclei was suggested by Snider and Stowell 
(1944) themselves. The first leg of this route should be 
the tecto- pontine tracts, described in the cat by Rasmussen 
(1936) as running from the superic .. el] iculus to the lateral 
regions of the ipsilateral pontine gray. Tecto- pontine 
fibers with similar course have also been traced in many 
mammalian and subniammalian species, e.g., rabbit, Tasiro (1939) 
and opossum, Tsai (1925), (quoted by Fadiga and Pupilli, 1964). 
The second leg of the route can be envisaged in the ponto- 
cerebellar fibers, which in the cat preparations were seen by 
51 - 
Brodai and Jansen (1946), as originating from nearly all 
the pontine nuclei. T.ose fibers enter the cerebellum via 
the middle peduncle and spread to the hemisphere as well as 
the ver.,lis. Pathways depending on the cerebellopetal pro- 
jections from the inferior olive and lateral reticular 
nucleus are another possibility. T=ut these pathways can 
hardly be considered because of the lack of anatomical evi- 
dence (Walburg 195G, 1960) . 
Fadiga, von Berger, and Pupilli (1959 alb) were able 
to show in the unanesthetizecl, curarized preparation that 
the cerebellar inflow of visual origin takes the route, of 
the middle cerebellar peduncles. Their evidence is as follow 
They recorded electrical responses in the middle and superior 
cerebellar peduncles following primary optic pathway stimu- 
lation. The response of the middle peduncle always starts 
before the beginning of the positive wave evoked at the 
surface of the cerebellar cortex by the same stimulus. In the 
superior peduncle, on the other hand, the response appears 
later. In addition, the discharges evoked from the middle 
peduncle are unmodified after acute cerebellectomy, but in 
the superior peduncle, the discharges are abolished in the 
operated cat. In chronic preparations, (Fadiga, Berger and 
Pupilli, 1959, b,c), after recovery from 'bilateral interrup- 
tion of the middle cerebellar peduncles, neither photic nor 
electrical nerve responses are affected in eliciting cortico. 
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cerebellar reactions before treatment with chloralose (quoted 
by Fadiga and Pupilli, 1964) . 
CEREBRO-E:EbELLAR pROJECTIONS 
The existence of a definite relationship between cere- 
bral cortex and cerebellar teleceptive projection areas was 
shown by Snider and Eldred (1948, 1951) and Hampson. (1949). 
Upon threshold stimulation of cerebral auditory and visual 
areas, Snider and Eldred (1948, 1951) were able to record 
evoked potentials on the vermal portion of lobules .simplex 
and folium -tuber vermis of cats and monkeys, under a mixture 
of chi oralose and sodium pentobarbital from a region prac- 
tically coincident with the cerebellar audio -visual area as 
described by Snider and Stowell (1944). Supra threshold 
stimulation, on the other hand, was effective in activating 
almost all the dorsal aspect of the cerebellum. Ilampeon 
(1949), in the same animal species, obtained responses under 
sodium pentobarbital anesthesia, confined to the inaber vermis 
upon stimulation of the auditory cortex, but not from the 
striate cortex. The latency values observed ranged between 
6 and 20 mec. , depending upon the stimulated ooint, and on 
factors related to narcosis depth (Hampson, 1949; Jansen, 
1957; and Snider and Eldred, 1951). They are slightly 
longer for the responses evoked by stimulation of the visual 
area than for those elicited by activating the auditory 
cortex. The two latency ranges probably indicate that 
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cerebrally elicited impulses might follow two distinct paths 
on their way to the cerebellum_, the one through pontile re- 
lays, a e the other possibly through the inferior olivary 
nuclei (Jansen, 1957) The recent demonstration that olivo- 
cerebellar projections end as climbing fibers, associated 
with the view which regards all ponto- cerebellar systems as 
activating :;_ossy fibers only, appare `.1y supports this hypo- 
thesis. E :Lectrophysiological evidence has been obtained by 
Jansen (1957) suggesting the possibility that the longer and 
shorter latency responses are respectively mediated by climb- 
ing and mossy fibers. Jansen (1937), however, shows that the 
long latency response component is unchanged by sectioning 
of restiform bodies in which the of ivo- cerebellar fibers are 
known to course; furthermore, after lesions in the brachium 
pontis, both short- and long latency responses are abolished. 
Fadiga and Pupilli (1961+), in their review of cere- 
bellar teleceptive responses, give conclusions about afferent 
cerebellar fibers of the visual area. They write: "A first 
wave of cerebellar activation is mediated by volleys origin- 
ating from the tectal centers of the visual and acoustic 
systems. At least in higher mammals, under normal conditions 
these volleys seem to reach their termination along an in- 
direct pathway, including precerebellar synaptic relays loca- 
ted somewhere in pontine nuclear formations. A second wave 
of cerebellar activation depends on the cortical output 
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brought about by the specific response of the cerebral tele- 
ceptive projection areas, whic h are linked to the cerebellum 
through pathways also relaying at pontino level. Although 
no true point -to -point relationships can be detected, these 
linkages exhibit a focal arrangement in correspondence with 
the cerebellar lobules most heavily impinged upon by tectal 
volleys. The Influence from striate area is in the main 
weaker than that originating in the cerebral area of audit- 
ory projection". 
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C. THE RELATIONSHIP OF THE CEREBELLUM TO EYE MOVEMENTS 
The cerebellum may be regarded as a regulating device 
for the smooth execution of motor activity of the organism. 
Because of its reci_orocal connections with the part of the 
brain directly concerned in motor activities, including the 
regions of the cortex concerned with voluntary movements, it 
is able to modify their activities continuously in the light 
of this information. 
The control of eye movements, both reflex and voluntary, 
therefore involves this part of the brain. 
S°iIi+ltJLA`l'ION EXPERIMENTS 
In 1374 Hitzig first described eye movements following 
stimulation of the cerebellum (quoted by Dow and Manni, 1964). 
Ferrier (1886) reported that electric stimulation of the 
ansiform lobules in the cat gave upwards rotatory eye move- 
ments, the anterior vermis straight upward movements and the 
lateral portions of the ai_.;"ior lobe downward eye movements. 
With experiments performed in intact, unanesthetized rabbits, 
Hoshino (1921) observed a horizontal deviation of both eyes 
toward the side stimulated. The response was abolished by 
cooling the cerebellar cortex, but not by bilateral labyrinth- 
ectomy (quoted by Dow and Moruzzi, 1953). Mussen (1934), 
studying both alert and anesthetized cats, reported that 
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stimulation of the anterior vermis produced upward head and 
eye movements and the Ïosterior vermis downward head and eye 
movements. Koella (1955, 1962) ottained downward head and 
eye movements by stimulation in the area of the lingula, 
uvula,, nrd nodulus of alert anesthesized cats. However, in 
a number of other studies on both anesthetized and implanted 
cats and monkeys few patterned eye movements in planes other 
than horizontal have been described (Cohen et al, 1955). 
recently, Cohen et al (1955), using a concentric 20- 
gauge electrode with tip separation 2.0 mm. for the cerebellar 
cortex stimulation and a 0.5 mm tip separation for the cere- 
bellar nuclei and white :Natter, ctimuiated the surface and 
interior of ceec cerebellar in alert, cervically- transected 
cats. A variety of patterned eye movements were produced. 
Horizontal eye movements were obtained from the tuber vermis 
and from the area of the fastigial nuclei. Straight upward 
and downward eye movements were evoked by stimulation of the 
midline vermis in the anterior and posterior lobes. Down- 
ward rotatory eye movements were induced from the region of 
intereosi.tus nuclei, from the small area of overlying dorsal 
cortex, and fro_: the lateral portions of the nodulus and 
uvula. Rotatory upward eye movements were evoked froe ensi- 
form lobes and from the region of dentate nuclei. These eye 
movements resemble those produced by semicircular canal nerve 
stimulation. They suggested that there is a topographic, 
separation of the neural organizations which produce eye 
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movement in various spatial planes in the cerebellum. 
ABLATION EXPERIMENTS 
Luciani (1891, quoted by Dow and Manni, 1964), who 
worked with dogs and monkeys, observed that after hemi- 
cerebellectomy the eye on the operated side was turned down- 
ward and inward, while the opposite eye showed deviation up 
and outward, yielding a picture of skew deviation. Slight 
nystagmu.s was also observed. After bilateral or total cere- 
bel'.ectomy there was ocular convergence in both eyes. 
Nystagmus following hemicerebellectomy is never long lasting. 
It disappears in a few days and is replaced by ocular devia- 
tion. It is therefore not generally thought of as a deficie- 
ncy phenomenon. Luciani called it a dynamic manifestation 
of cerebellar lesions. 
Concerning the cerebellar visual areas, data obtained 
in cats by Chamber and Sprague (1955) are of interest. In 
chronic experiments, they were able to observe that after 
bilateral ablation of tuber and folium their animals showed, 
apart from slight symptoms of the somatic sphere, also 
"difficulties in gauging distances properly when jumping and 
marked reduction in sensory attention ". This impairment 
could be due to the reduction in startle response to loud 
noises and from the lack of attention to noises which, before 
operation, had aroused quick attention. Disturbances related 
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to the visual system were observed. These are: "marked 
tendency for visual attention to become fixed ", and "slight 
responses to visual cues", The auditory disturbances were 
remarkably stable but disturbances related to the visual 
system, on the other hand, were limited to the early part 
of the post operative period and progressively disappeared. 
EXPER T1,ENTAL METHODS 
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LXPERItiENTAL METHOD 
The general method has been basically the same through- 
out the whole series of experiments. This consisted essent- 
ially of an exploration of the lateral geniculate nucleus, 
superior colliculus and cerebellar visual area of the cat, 
and the superior colliculus of the baboon with a monopolar 
microelectrode held in a steretaxic machine; visual stimula- 
tion was applied to the retina. In one group of experiments, 
a cooling device was used to study the influence of the 
visual cortex on the superior colliculus of the cat. 
I. PREPAF.ATION OF ANIMALS 
Eighty four cats, whose body weight ranged from 2 -4 kg.; 
and 5 baboons of 4 -8 kg. were used in this study. 
A . ANAESTHE`i'IC ZTHOD 
CAT 
The cats were anaesthetised with trilene (trichlorethy- 
lene) pumped into a small box, as it was thought to be impor- 
tant to avoid a stage of excitement. When unconscious the 
cats were removed from the box and were then given chloralose 
(80 mg. /kg. body wt.) intravenously into the exposed leg vein. 
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It was found that before injecting chloralose the anaesthetic 
level had to be controlled by ether inhalation. This usually 
gave a satisfactory level of anaesthesia for 9 -12 hours. 
In some experiments on the superior colliculus, the 
initial anaesthetic, nembutal (sodium pentobarbitone; Abbott 
Laboratories) 40 mg./ kg. body wt. was used intraneritoneally. 
It was found that there were no differences between these two 
anaesthetics in the electrical activities of the superior 
colliculus. 
Supplementary doses of anaesthetic were given to main- 
tain a desirable level of anaesthesia, either a half dose of 
chloralose intravenously every 4 -8 hrs., or nembutal, 10 mg. 
intravenously every 2 -3 hours. 
In the experiments on the cerebellum, chloralose was 
used exclusively for initial or supplementary doses. Barbi- 
turate anaesthetics were found to prevent or abolish the 
visual responses. 
BABOON 
The baboons were pat in a small cage and the t*ilene 
was pumped in slowly until the animal became drowsy, then 
ether was administered. The moment the animal appeared to be 
unconscious, the chloralose (30 mg. /kg. body wt.) was given 
intravenously. This usually gave a satisfactory level of 
anaesthesia. 
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Supplementary anaesthetics were given by one of the 
following methods: - 
1. Half dose of chioralose intravenously. 
2. Pentothal (thionentone sodium) in 0.9% 1'iaCl by intra- 
venous drip. 
B. OPERATIVE PROCEDURE 
After the animal had been anaesthetised, its trachea 
was cannulated. The conjunctivae were anaesthetised with 
xylocaine (lignocaine HC1), and the lids were sutured together 
to prevent drying during the operative procedure. The animal 
body temperature was closely held to 38 by of an 
electric heating blan_!._et regulated by a thermister placed in 
the rectum. Continuous blood pressure recording was monitored 
by a strain -gauge manometer in all the baboons, but only in 
some of the cats. 
The external auditory meatus was split downward and 
forward to allow accurate insertion of ear plugs into the 
bony meatus. The lids were reopened and four silk ligatures 
were put into the limbus. A lateral canthotomy was found 
necessary for subsequent introduction of a brass ring and 
its manoeuvre. 
The skull was exposed by a cruciate skin incision. 
A hole was bored by a high speed dental drill. Bleeding from 
diploe was arrested with Plasticine. The exposed dura was 
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covered with cotton wool soaked in N.S.S. and the skin 
apposed by a suture until the animal was mounted in the 
stereotaxic machine. 
For the experiment on the lateral cen_iculate nucleus 
of the cat, a hole was bored on the left dorsal surface of 
the skull. The hole extended from about 5 mm. posterior to 
the bregma to about 1.0 -1.5 cm. long, antero-posteriorly; and 
from a few mm. lateral to the sagittal suture to about 1.0 cm. 
wide, medio- laterally. 
For the cat's superior colliculus, the hole was drilled 
on the same side of the skull but was more posterior and 
medial, being about 10 mm. behind the bregma for the anter- 
ior margin, and a few min. across the midline for the medial 
border. In some experiments, the center of the hole was 
marked when the animal had been already fixed in the stereo- 
taxic apparatus, in order to use the Clarke- Horsley land- 
marks. By this method a small hole could he drilled over 
the presumed position of the superior colliculus with 
accuracy. 
In baboon experiments, in order to reach the superior 
colliculus with some degree of accuracy and to minimize 
skull opening, it was necessary to mark the center of the 
hole after the animal had been fixed in the stereotaxic 
machine. 
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After surgery, the animal's head was then fixed in the 
stereotaxic apparatus, modified so as not to obstruct the 
visual field, with ear plugs and the lower orbital margin 
in the sane horizontal plane. The skin flaps wore raised 
and tied with a metal ring, and the dura was opened under 
the dissecting microscope. Cerebral pulsation was avoided 
by the use of 3 agar, which was heated to its boiling point 
in a water -bath and then gradually cooled to a temperature 
of 42 °C.before being poured into the cranial hole. 
Plasma substitute, dextran, was usually given, if the 
animal had lost a considerable amount of blood, in order to 
maintain the circulating blood volume. Fluid and electro- 
lytes were also given. The total volume of 40 ml. /kg. body 
wt. /day was divided into 4 parts of 5% glucose and one part 
of normal saline solution. An antibiotic was given to 
prevent infection in prolonged experiments. 
C. mmHoms OF FIXING AND CENTERING THE EYE 
Tite stereotaxic apparatus was arranged so that the 
right eye was at the center of a modified Aimark perimeter 
whose arm had a radius of 33 cm.. The sclera]. sutures 
were tied to a brass ring so that tie slit of the constricted 
pupil was vertical. The pupil was dilated with 1;.Í atropine 
sulphate to permit observation of the fundus. Cat's eyes 
are usually 1 D or 2 D hypermetrobic when atropinized 
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(Bishop et al, 1962). A plastic contact lens was specially 
constructed having the inner radii of curvature of 8.5, 9.0 
mm. and with the optical power +4.5 D in order to focus 
at 33 cm., this being the distance between the perimeter 
and the eye. 
In the cat, the eye was moved by adjusting the brass 
ring until the projection of the blind spot was 16 -18° to 
the temporal side and on the radius 15 above the horizontal 
meridian, observed by a Fison indirect opthalntoscope. An 
adjustable angle mirror was put over the center of the peri- 
meter and the fundus was observed by an opthalmoscope reflecte 
in the mirror. The area centralis can be recognised as a 
green pigmented area, and devoid of blood vessels. Small 
adjustments of the position of the eye were sufficient to 
bring the visual axis to the center of the perimeter. The 
receptive fields of the two eyes for a single point in the 
visual cortex were found to coincide within less than 2 °, 
when this method was used. 
In the baboon, the eye was centred by determining the 
projection of the blind spot. The brass ring was adjusted 
until the blind spot was 15° to the temporal side on the 
horizontal 'Meridian. This does not, however, determine the 
visual axis with accuracy. In the later experiments, one 
electrode was placed on the most lateral anterior part of the 
superficial cortex in order to record the visual response 
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from the cortex subserving the fovial region. By moving 
the brass ring, the eye Iras then adjusted until the light 
at the center of the perimeter gave the largest and earliest 
responses from this electrode. 
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II. STIMULATING AND RECOPDING E: ?UIPMENT 
A. STIMULATING EQUIPMENT 
Various kinds of stimuli - neon -tube, card -board, a 
perimeter giving a spot of light, and a stimulator giving 
a light -bar - were used as the visual stimuli. 
In mapping experiments, the field was explored with a 
neon -tube 5 mm in diameter which flashes for about 5 msec. 
This provided too much licht for exact localisation, and 
final mapping was done with a spot of light from the peri- 
meter. Black and white cards of varying size and shape 
were found to be useful stimuli. 
PEIRzMETER 
The perimeter (Aimark) gave a circular spot of white 
light of 1, 3, 5 and 10 mmg in diameter of the arc. The 
density filter wheel contains one free aperture and three 
neutral filters of optical densities 0.6, 1.2 and 1.8, trans - 
mitting therefore 1/4, 1/16, and 1/64 of incident light 
respectively. With the free aperture in position the bright- 
ness of the white testing stimulus is approximately 41.16 
cd/M2 , and consequently 10.29, 2.57, and 0.65 cd /m2 when 
the filters are interposed. A transistor photocell was 
placed beyond the shutter,and its excitation by the stimuli 
provided synchronization for the cathode ray tube sweep at 
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'on.', 'off' or 'on and off'. 
LIGHT - BAR STIMULATOR 
A 300 w. lamp and condenser lens projected a bar of 
light of variable size via a plane mirror mounted on a 
pen -motor. The velocity and repetition frequency of the 
mirror were controlled by the oscilloscope time base. A Dove 
prism served to rotate the direction of the moving stimulus. 
B. THE RECORDING EQUIPMENT 
THE MIC R OELEC'fR OD ES 
The microelectrodes used have been monopolar tungsten 
needles as described by Hubel (1957) with some modifications. 
These were made from tungsten wire 0.5 mm. in diameter. 
Sharpening of the electrodes by electropolishing in a satur- 
ated solution of sodium nitrite with AC at about 10 V was 
performed until the terminal was very fine. One changes 
to 1.5 -3.0 V and puts the very fine terminal in the bath 
to cut it off. 
Coating:- the electrode with satisfactory Shane and 
tip (about 1 u) was cleaned in acetone or trilene (trichlor- 
ethylene). In the earlier experiments, electrodes were in- 
sulated with one coat of INSL -X -E 33N clear varnish (The INSL -X 
company Inc., N.Y.). The IM,SL -X was thinned with chloroform 
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to the consistency of honey. The electrodes were im';ersed 
in the coating fluid with the point upright, and were grad- 
ually raised from the varnish and allowed to dry in room 
temperature, still point upright, for at least 24 hrs, before 
testing. 
In the later experiments, the electrodes were insulated 
with "Bakelite" lacquer, as it was found that this hind of 
varnish was stronger and lasted longer than the clear varnish. 
The cleaned electrodes were im erred in Bakelite wit the 
tip down and slowly raised. Three coats in all were applied 
to each needle, and betwe =n. ear;!:. coat the electrode was 
baked by blowing hot air over tie needle, slowly increasing 
the temperature to about 250 °C. and maintained in that 
temperature for 1 min. 
Testing: 
The procedure consisted of passing a square wave of 
100 mv. and 20 msec. duration through the electrode in N.S.S. 
medium and finally feeding through the cathode follower to 
display on the oscilloscope; the circuit was shorted with 
10 megohms between grid and earth. The circuit diagram is 
shown in Fig. 1. The proper impedance electrode for single 
unit recording showed the shape of wave -form (a), consist - 
ing of fairly rapid falling phase to a D.C. level just above 
the base line, too high impedance electrode gave the shape 
(b), or too low impedance, (c). About half of the electrodes 
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made had too high impedance, and it was necessary to break 
off the tip by briefly passing a small amount of current 
for 1.5 v battery. This was done while watching the wave- 
form during testing. 
The electrodes were also tested by applying a sine 
wave, 1000 c /sec, 100 mv in amplitude from a signal genera- 
tor and the resistance was measured by using the varying 
values of known resistors. The good electrode for single 
unit recording was found to have an impedance about 1 megohm. 
THE ELECTRONIC APPARATUS 
The electrode bridge of the stereotaxic machine carried 
three micromanipulators, permitting movement of the electrode 
in three planes to an accuracy of 5 microns in the vertical 
plane. 
The activity was displayed by amplification of the 
voltage between the tip of the microelectrode and the indiff- 
erent electrode buried in the neck muscle. A cathode follower 
and a three stage R.C. coupled amplifier with variable time 
constant were used. The output from the amplifier was fed 
in parallel to a display oscilloscope, loudspeaker, and to 
the oscilloscope of a camera unit. 
A monitoring loudspeaker was an important part of the 
equipment; it is much easier to i'entify by ear a response 
against a back -ground noise -level than it is to pick out the 
r 70 r 
dame response when seen only on an oscilloscope. The loud- 
sneaker permits the recognition of faint responses, too 
small to be either seen or photographed. 
Two double beam cathode ray tubes were included in the 
photographic unit in which the cellular activity, stimulus 
signal, and time signal could be photographed. 
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III EXPERIMENTAL PROCEDURE 
Apart from the general experimental methods which have 
been already described, the special experimental procedure 
of each series of experiments is described in detail. 
CAT 
A. THE LATERAL GENICULATE NUCLEUS 
The stereotaxic atlas by Jasper and Ajmone- Narsan (1960) 
was used in this experiment. The center of the lateral 
geniculate nucleus was found at 6 mm. anterior to the intra- 
aura? plane, 9 mm. lateral to the midline, the same position 
given in the atlas. 
In searching for the secondary area of the lateral 
geniculate nucleus; the electrode was lowered to aim at the 
center of the main nucleus, being about 12 mm. from the sur- 
face of the cerebral cortex; secondly, the electrode was 
shifted medially and posteriorly for the secondary area of 
the upper field (Seneviratne, 1963), and medially for the 
secondary area of the lower field. Single units were also 
studied in this experiment. 
B. ThE SUPERIOR COLLICULUS 
For the earlier experiments, the stereotaxic atlas of 
Jasper and Ajmone- Nhrsan (1960) was used. In the latter 
-72- 
experiments, the center of the superior colliculus was found 
at the intra -aural plane, 3 nine. lateral from the iïidline. 
This means that the superior colliculus in this experiment 
was a little posterior to the position given in the atlas. 
During the advance of the electrode to the superior colli- 
culee, the electrode recd ded the cellular activity of the 
gray matter of the dorsal and ventral surfaces of the cortex; 
and when the electrode tip was near the surface of the sup- 
erior colliculus, a small diphasic wave which was fairly 
localized in the visual field by a neon light, could be 
obtained; with further downward movement of the electrode 
the surface laywr of the colliculus was reached; this being 
characterised by an abrupt change in the quantity and 
the quality of the responses; the low pitched sound of the 
biphasic response changed to a higher pitched crackle of 
cells with a high amplitude biphasic wave superimposed by 
cell spikes. 
In mapping experiments, for searching the receptive 
field, a short duration neon flash was used, this being 
triggered by the sweep of the display oscilloscope; exact 
localization of the receptive field on the perimeter arm was 
obtained by a 1 mm spot and small pieces of card -board sub- 
tending 1/2° at the eye. The position of the eye was checked 
frequently throughout the experiment, and at its termination, 
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to ensure that the visual axis still remained at the center. 
For unit studies, after the electrode had touched the 
surface of the superior colliculus, it was advanced very 
slowly, 10 u at a time, searching for the visual response 
or the spontaneous activity. Units were studied from the 
surface to the deep part till cessation of the visual 
response. Correlations between units recorded and the layers 
of the S.C. were done by making electrolytic lesions and 
calculating back for the required depth. 
COOLING .,ï'ET;T.'IEPfii' 
In the experiments designed for the study of the in- 
fluences of the visual cortex upon the S.C., the cooling de- 
vice consisted of a probe with a shape of metal foot 2 x 5 mm 
in size. This was cooled by the expansion of the compressed 
gas (propane) at the tin of the probe (Dondey et al., 1962). 
The temperature of the cooler was controlled by an adjustable 
knob at the top of the probe, in wlcick the rate of flow of gas 
was varied. The temperature was measured by means of a thermo- 
couple attached to the metal foot. 
The animal was prepared for recording as usual but the 
cooler was placed on the medial wall of the visual cortex 
with the center at 1 mm anterior to the intra -aural plane. 
This was expected to cool the visual cortex (visual I) sub - 
serving about 100-150 out on the radius of 200 ° -240° 
-74- 
( Jhitteridge, unpublished observations). The cortical area 
in contact with the cooler was mapped before the cooling 
experiments were performed. The cortex was cooled down to 
about 10°C., for about 2-10 min., when the single unit 
which was recorded from a corresponding point, was obtained 
in the superior colliculus. Visual responses were studied 
in the superficial as well as the deep part of the superior 
colliculus before and after cooling the visual cortex. The 
experimental arrangement is shown in Fig. 2. 
C, THE CEREBELLAR VISUAL AREA 
In the ordinary Clarke -Horsley plane, the cerebellar 
visual area can be reached by a Posterior approach. It was 
found that the arrangement of the plane of the electrode 
by tilting 600 from the vertical line gave a satisfactory 
approach to the surface of the foliurn and tuber vermis. 
(Fig. 3). 
After the cat had been fixed in the stereotaxic appar- 
atus, by using the external occipital protuberance as the 
center of the skull opening, the bone was drilled to about 
5-7 mm. anterior to the foramen magnum, posteriorly to about 
2 mm. behind the lamdoidal suture by removing the posterior 
half of the interparietal bone, anteriorly. The hole was 
also extended to about 6 -7 mm. from the midline on both sides 
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laterally. Care had to be taken not to remove the bone too 
far posteriorly, at least 5 mm. should be left in order to 
permit good fixation of the agar on the bone; the head 
mounted in the head holder was rotated downward until the 
folium and tuber vermis came in to view horizontally. 
Immediately after the dura was removed, the cranial hole was 
sealed by 3% agar. The head was rotated back to the original 
position after the aar had set. 
Owing to the complexity of the cerebellar cortex, 
especially the tortuous shape of the vermis, the outline of 
the exposed brain was drawn under camera lucida or under 
direct vision. This was found to be a good guide for explora- 
tions. 
In searching for the visual responses, the neon lamp 
was tried in a few experiments; the visual responses were 
obtained only occasionally. at the first time of moving the 
stimulus into the receptive field.. In the latter experiments, 
moving stimuli, including card -board and a light -bar from 
the stimulator, were used. The extent of the visual area 
was explored on the surface as well as the deep part of the 
cortex. In single unit studies, the moving card for seeking 
the unit responses was found to be a useful stimulus before 
quantitative studies with a light -bar from the stimulator, 
in which the velocity, direction, and repetition frequency 
could be controlled. 
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BABOON 
A. THE SUPERIOR CGLLICULUS 
The stereotaxic atlas of the macaque was used, because 
the atlas of the baboon was not available. The center of 
the superior colliculus in the C -H plane is 3 mm. anterior 
to the inter- aural plane (Clarke and Henderson, 1920). 
Using the guide from this atlas, it was found that the center 
of the baboon's S.C. in the C -E plane was not far from that 
in the macaque. 
In the earlier experiments, the C -H co- ordinate was 
used to explore the superior colliculus. In this plane, the 
surface of the superior colliculus was very oblique or nearly 
vertical. In the later experiments, the baboon's head was 
tilted by 30°. The center of the superior colliculus, as 
calculated from the atlas of the macaque mentioned above, 
was about 7 -3 mia. anterior to the inter -aural plane. This 
was near the actual position in these experiments. The 
experimental arrangement is shown in Fig. 4+. 
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IV ú$STOLOGTCAL METHOD 
At the end of the experiment the animal was killed 
with an overdone of nembutal and perfused through the ascend- 
ing aorta with 10% buffered formalin in normal saline. The 
brain was fixed, without removing the head from its stereo - 
taxic head holder. On the next day the relevant block of 
brain was removed, using a knife -blade moving transversely 
or longitudinally, depending upon the plane of the section 
wanted, and operated by the manipulator which had held the 
recording electrodes. 
The brain was cut at 100 u on a freezing microtome. 
This thickness of section gave the best results, shrinkage 
and distortion during fixation being minimal. The sections 
were mounted on slides coated with chrone alum- gelatin solu- 
tion, and dried on the hot plate. The sections were dehy- 
drated by washing in ascending grades of alcohol. They were 
stained for 15 min. in 1` toluidine blue (?tMichrome41 Edward 
Gurr); and differentiated in Gotthard 's differentiator, 
after dehydration in alcohol, and finally cleared in absolute 
alcohol and xylol and mounted in, D.P.X. mountant (B.D.:E_+. ). 
The electrode tracks were traced by drawing the out- 
line of brain from the slide projector which was adjusted to 
give a linear magnification of X 10 or X 15. Superimposition 
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of the drawings of adjacent tracks gave a reliable method 
of reconstructing the entire extent of the electrode tracks. 
In lateral ge.n_ioulate experiments, it was found that 
the sections cut transversely gave the better view of the 
nucleus. The projection. of the '"dorsal surface view" was 
obtained by direct measurement of the extent of the nucleus, 
anterior and posterior to the tracks, and by determining 
the positions of the secondary visual area in relation to 
the main nucleus. 
For mapping experiments on the superior colliculus of 
the cat the brain was cut transversely. The plane projec- 
tion of the surface area of superficial. Cell layer, stratum 
Briseum superficiale, was made by -seasuring the length of 
a layer on each section. This length represented the flat 
surface of the superficial cell layer, media-laterally. 
In order to flatten the colliculus antereo- postericrly, a 
small hole was drilled antereo-poster:orly through the block 
of fixed brain parallel with the plane of the dorsal surface 
of the superior colliculus, and the distances from the hole 
to the surface in every section were used to construct the 
antero- posterior curvature. In some experiments, the flatten - 
ing cf the ^utero- posterior curvature was obtained by para- 
sagittal section of the superior colliculus on the opposite 
side. `.Che length of the superficial cell layer of a section 
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was plotted on graph paner and the positions of t electrode 
tracks were marked. These enabled the adjacent sections to 
be aligned, one with respect to taie next. By this method, 
the surface of the superior colliculus can be flattened both 
medio- laterally and antero- posteriorly. 
Owing to the oblique surface of the superior colliculus 
of the baboon in relation to the plane studied, it was necess- 
ary to cut the brain narasagittally. By following the above 
procedure for the cat, the plane projection of the surface 
of the superior colliculus was also made. 
In the experiments on the cerebellum, the sections were 
cut parasagittally, and correlations between units recorded 
and the anatomical positions were also studied. 
ABBREVIATIONS USED IN THIS THESIS 
CL = Experiment on cat's lateral geniculate nucleus 
CS = Experiment on cat's superior colliculus 
AS = Experiment on baboon's superior colliculus 
L.C.V. = Lateral geniculate nucleus 
N.I.M. = Nucleus interlaminalis medialis 
S.C. - Superior colliculus 
S = Superior 
I = Inferior 
M - Medial 
L = Lateral 
A = Anterior 
P = Posterior 
N.S.S. = Normal saline solution (0.9 NaC1) 
Fig. 1 
Circuit diagram to show the method of testing a 
micro -electrode and the wave -forms obtained. 
(a) Proper impedance for isolation of unit 
(b) too high 
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(a) (b) (c) 
Fig. 2 
Experimental arrangement for recording from the 
cerebellar visual area; showing the cat in stereotaxic 
apparatus, electrode holder tilted 60 °and perimeter used. 

Fig. 3 
Experimental arrangement for cooling experiments; the 
cooling device, shown on the left of the electrode holder, s 
connected with a propane cylinder and tele- thermometer; the 
position of the cat in the stercotaxic head holder, with eye - 







Figs 4 9 
Baboon in stereotaxic head holder with jaw -clamp, eye- 
rings and electrode -bridge assembly, in situ. 

E'XPElS I MGlY i AL RESULTS 
THE NUCLEUS INTERLAMIIvkLIS ME1)IALIS OF THE L.G.N. 
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I. THE NUCLEUS INTERLAMINALIS MEDIALIS OF THE L.G.N. 
Out of more than 20 experiments, the results of 8 
successful experiments are shown as the projections of the 
227 visual area onto the T.I.M. in relation to the main 
nucleus of the L.G.N. s with the drawings of the cross sec- 
tions showing the electrode tracks and the sites of record - 
ings on the N.I.M. (Fig. 7, 8, 9 and 10). 
A. GENERAL CONSIDERATIONS 
The nucleus interlaminalis medians (N.I.M.) is a 
relatively small group of cells, being about 4 mm. in the 
antero- posterior direction and 4 ram. in the dorso- ventral 
direction. It is about 1 mu. wide posteriorly and 0.6 am. 
anteriorly, as measured by Stone and Hansen (1966). The 
shape of the P.I.M. varies considerably from A,5rsa] to animal 
as well as in size, as shown by the drawings of the cross 
sections from 8 experiments (Fig. 7 to 10). In toluidine 
blue stained sections, it was possible to distinguish the 
N.I.N. from the surrounding structures (Fig. 5 and 6), but 
in soue histological sections it was difficult to draw the 
outline of this nucleus. It was difficult to insert as 
electrode for the first time into this nucleus, no it was 
necessary to aim at the main nucleus of the L.G.I. as a 
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guide and then to chance the electrode position to the N.T.M. 
The shifting of the receptive field laterally away from a 
vertical meridian in the expected anatomical position of 
the N.I.M. as the electrode was moved medially was used as a 
criterion for the identification of the 2ry visual area. 
However, a histological verification of the electrode posi- 
tion was found to be an essential procedure in this study. 
As seen in Fig. 8, three electrode tracks are shown in 
each experiment. (a and b). In (b) the most lateral elec- 
trode track recorded from layer A and the location of the 
receptive field was on 15° -142 °. As it was moved eledially 
the receptive field changed to 6j ° -97° (near the vertical 
meridian, 90°). The localization of the receptive field of 
the most medial electrode, 48 °- -116 °, was shifted again 
but in the reverse direction from the vertical meridian. 
The electrode track was subsequently found to penetrate 
the N.I.M.. This technique of identification can be used 
when recordings are made in the 2ry visual area of the 
upper field quadrant because the N.I.M. at this region 
is attached to the main nucleus medially. When recordings 
were made in the anterior part of the N.I.M., an additional 
criterion has to be used, because the large part of the 
N.I.M. in this region is situated under the medial edge of 
the main nucleus. Recordings from the N.T.M. were obtained 
when the electrode had penetrated the different layers of the 
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L.G.N. as seen in Fig. 9a and 10b. Most of the localizations 
of the receptive fields were obtained from multiunit 
recordings. 
B. THE F2ETINO:OPIC ORGANIZATION ON THE N. I. Ni. 
The results of the experiments have confirmed the electro 
physiological studies of Seneviratne and Whitteridge (1962), 
and Seneviratne (1963) that the upper visual field is repres- 
ented on the posterior part of the N.I.H. in the postero- 
medial curl, and have extended the observations into the anter- 
ior part of the N.I.H., which has been found to contain the 
representation of the lower field. 
Several attempts were made to map the retinotopic pro- 
jection onto the N.I.H.. None of these were successful in 
obtaining enough points in order to construct the projection 
map. Only a few points of localizations in the N.S.M., as 
verified histologically, were obtained in each experiment. 
However, the results of all experiments were taken into con- 
sideration for construction of the projection map. 
The retinal representation onto the N.I.M. seems to be 
the mirror image of the try visual area of the main nucleus 
of the L.G.N.. By examining the points of localization 
of the drawings of transverse sections, the responses from 
the N.I.M. are on the meridians corresponding to the localiza- 
tions on the main nucleus. 
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In the region of the postero- medial curl, the points 
of localization in the visual field recorded from the N.I.M. 
were on theneripheral field, up to 60° or 80° from the 
center of fixation and on the radius near the upper vertical 
meridian ( 00-900). As the electrodes were lowered down 
along the N.I.M., the localizing points were moved in grad- 
ually to the center of fixation and at the same time moving 
out from the upper vertical meridian ( 00-90 °) towards the 
horizontal meridian ( 0 °- 180 °). Thus the retinotopic organi- 
zation of the upper field on the posterior part of the N.I.H. 
shows soue arrangement in dorso- ventral as well as antero- 
posterior direction which is consistent with the anatomical 
configuration of the N.I.T. in this region viewing as a plate 
of cells placed vertically on the medial side of the L.G.N. 
The condition was different in the anterior part of 
the N.I.H., where the nucleus has the representation of the 
lower field. The points of localization were moved away from 
the center of fixation and towards the lower vertical meridian 
( 0°- 270°), but with smaller scale than in the posterior 
part of the N.I.H.. In addition, the receptive fields were 
also moved towards the lower vertical meridian (00-2700) at a 
fast rate, when the positions of the electrodes were inserted 
laterally. Here again, some retinotopic organizations in the 
dorso- ventral and medio- lateral directions do exist, and 
correspond to the thin band of cells situated under and along 
the medial side of the L.G.N. 
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For the responses in the sectors near the horizontal 
meridian ( 0 °- 180 °), an electrode placed laterally, recorded 
the response near the center of the visual field (Fig. 10 b, 
right), whereas the medially placed electrode recorded the 
activity farther away from the center (Fig. 9b, A) up to 
70° from the center of fixation in the medial position. 
(Fig. 10a, left). The retinotopic organization no longer 
shows an arrangement in dorso- ventral dimension, but it seems 
to show an arrangement in medio- lateral dimension. The shape 
of the N.I.M. in this region also shows an increase in the 
medio- lateral dimension, whereas the dorso- ventral dimension 
has reduced. 
Taken together as a whole, the upper vertical meridian 
o 0 
(0 -90°) appears to begin from the posterior end of the N.I.M. 
and runs forwards and downwards gradually to the center of 
fixation, which is situated somewhere just under the medial 
edge of the main nucleus of the L.G.N. after continuing its 
course as the lcw er vertical meridian ( 00-270 
o 
), it still 
proceeds anteriorly but moving laterally to be situated under 
the anterior part of the L.G.N. For the sake of simplicity, 
the ä.I.M. can be viewed as a plate of cells which has 
twisted from the vertically orientated into a horizontally 
orientated position in the middle of its course. The dia- 
gram of the retinotopic organization onto the N.I.M. is 
shown in Fig. 11. 
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C, THE EXTENT Of THE VISUAL FIELD 
The composite results of 11 experiments are illustrated, 
showing the points of localization in the visual field. 
(Fig. 12). The extent of the visual field as plotted in 
these experiments has shown that the upper visual field ex- 
tends to about 700, Faut only 300 or less in the lower field. 
The temporal extent is up to 800 in the horizontal meri- 
dian. The extent of the visual field plotted is not 
regarded as significant because some part of the N.I.M. 
has not been explored. 
Most of the responses were observed from the contra - 
lateral eye. On only a few occasions (5 points) were they 
observed from the ipsilateral eye. The responses from both 
eyes have not been observed. All the points of localization 
were in the peripheral or pericentral visual field. The 
central visual field representing the area centralis has not 
been found. 
D. SINGLE UNIT OBSERVATIONS 
In the course of mapping experiments, some single units 
have been observed. The latencies of the sample of these 
units were measured by presenting a neon flash at the peri- 
meter arm, comparing with the latencies to the main nucleus 
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of the L.G.N. (Fig. 13b to g., and 14a, b). Al]. the 
latencies are within the same range. 
The units recorded from the N.T.M. had 'on' and 'off' 
center fields (Fig. 14 c). Two units showed prolonged after 
discharges similar to the behaviour of units in the lamina B 
described by Seneviratne (1963). 
The sizes of the rece ative field were also measured, 
and varied from 
large receptive 
istics of units 
50 -200 in diameter. One unit had a very 
field, being about 600 across. The character- 
are shown in Table 1. 
All sections of cat and baboon's brains, cut at 100 u, 
and stained with toluidine blue. 
Fig. 5 
(a) Photomicrograph of cat's brain section, to show 
position of the L.G.N. and 3 electrode tracks passing 
through the nucleus. Note; the nucleus interlaminalis 
medialis is penetrated by the most nedial electrode track. 
(CL 14). 
Section magnification X 4.6 
(b) Photomicrograph of transverse section of cat's 
L.G.N., to show course of 3 electrode tracks. The nucleus 
interlaminalis medialis, recognized as a group of celle 
separated from the posterior nucleus medially and the main 
nucleus laterally, is passed by the medial electrode track. 
(CL 14). 
Section magnification X 14 
(c) Transverse section, left L.G.N., to show the medial 
3 electrode tracks passin.; through the nucleus interlaminalis 
medialis. (CL 14). 




(a) Photomicrograph of transverse section of L.G.N. ,to 
show 3 electrode tracks; medially) the characteristic appear- 
ance of the nucleus interlaminalis medialis, being penetrated 
by the most medial electrode track. (CL 24). 
Section magnification X 25 
(b) Transverse section of L.G.N., to show 2 electrode 
tracks passing through the nucleus interlaminalis medialiss. 
(CL 6) 
Section magnification X 18. 
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All the drawings of the dorsal view and the cross 
section of the L.G.N. in fig. 7,3,9, and 10 are on the left 
side of the brain and have magnification of X 15. All 
responses found in the left L.G.N. are in the contralateral 
visual field. Those mediated by the right eye ares indicated 
by their polar co- ordinates. Those mediated by the left eye 
have letter 'L' after their co- ordinates. 
Fig. 7 
(a) On the left, part of the dorsal view of L.G.N. as 
reconstructed by serial sections to show the point of elec- 
trode tracks recording from the wain nucleus (filled circle) 
and from the N.I.M. (open circle); on the right, drawing of 
the parasagittal section of the medial aspect of the L.G.N. 
passing through the N.I.M. at the level shown by broken line 
traversing the dorsal view of the nucleus (on the left). 
An electrode track is shown to penetrate the N.I.M. as indi- 
cated by vertical line (full line- electrode track as seen 
in the brain section, joined by imaginary broken line).Short 
horizontal line cutting across the electrode track is the 
site of recording in which the receptive field center can be 
localized in the visual field. (CL 2) 
(b) On the left, .art of the dorsal view of posterior 
region of the L.G.N. showing the point of entry of 3 elec- 
trode tracks passing through the N.I.M. (open circle); on the 
right, transverse section_ at 2 levels (A and B). The N.I.M. 
in (A) as shown by the area with diagonal lines is pene- 
trated by 2 electrode tracks and different points of local- 
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The descriptions of fig. 8,9, and 10 are the same as 
in fig. 7, unless otherwise indicated. 
Fig. 8 
(a) A dorsal view of the posterior half of the L.G.N., 
on the left; and the transverse section at indicated level 
with 3 electrode tracks, on the r ight. 
Note; the localization of the visual response in the 217 
visual area is shifted 20° - 30° from the vertical meridian, 
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Fig. 9 
(a) On the left, a dorsal view of the anterior rla.rt of 
the L.G.N., with drawings of transverse section at 2 levels 
(A and B). 
Note; all the visual responses in the 217 visual area are in 
the lower field. ((;L 14). 
(b) Another do+al view of the L.G.N. with drawings of 
2 transverse sections passing through the posterior part of 
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Fig. 10 
(a) Two transverse sections of t he L.G.N. to show the 
electrode tracks passing through the N.I.M.. The section on 
the right is 1 ,gym behind the left one. (CL 13) 
(h) Two transverse sections at the anterior part of 
the L.G.N.. The electrode tracks pass the medial aspect of 
the main nucleus and then pass through the N.I.M. below. 








Schematic diagram to show the retinotopic projection 
on to the N.I.M. 
(a) Medial aspect of t:,e L.G.N. to show the J.I.M. 
(b) Schematic diagram of the projection of the 
vertical meridian on the N.I.M., indicated by 
broken lines. 
(c) Retinotopic projection on to the unfolded nucleus 





Composite results of 11 mapping experiments to illust- 
rate the extent of the visual field subserving by the N.T.H. 
as plotted by physiological mapping. Filled and open circles 
are the :oints of localization in the visual field obtained 






(a) Response of one unit in the 2 
r J area of the L.G.N., 
recorded from the N.I.M. at the postero- medial curl of the 
L.G.N., to 'on' and 'off' of 10 mm spot of light. For the 
signal of photocell in the top trace, 'on' is away from the 
spikes. This unit had a large receptive field about 30° 
across and had an approximate center at 630-155°. 
(b) - (g) show the latencies of the visual responses 
by a neon flash at the perimeter arm, recorded from the try 
visual area (d) to (g), comparing the latencies to the 
main nucleus (b) and (c). The latencies from (b) to (g) 
are 27.0, 26.0, 45.0, 42.0, 35.0, and 29.0 cosec respectively. 
The arrow indicates stimulus artifact. Time in all records 
100 msec. (CL6). 
Fig. 14 
(a) and (b) show latencies with neon flash placing at 
the perimeter arm, to the N.I.M. (a) which had the recap- 
Ube field on 2 ° -14e° and latency 23.5 m sec; and to the 
main nucleus of the L.G.N. (b) which had a receptive field 
on 60 -1250, 1.5° in diameter, and latency 28.0 m sec. 
(c) shows the responses of the unit in the N.I.M. to 
'on' and 'off' of 5 min light spot. This unit had a receptive 
field center at 28 -232 °, 5° in diameter. For the photo - 
cell signal in the top trace, 'off' is away from the spikes. 




Table 1: Single units recorded from the N.I.M. 
No. Expt. position 
receptive 
field size eye characteristics 
1 CL 5 45(3-130° about 60 0 
across 
R latency 40 m 'sec. 
2 CL 6 63 -155 5° L 'on' center, 
latency 25 m ''sec. 
3 to 226-215 200 R 











'off' center, prolong- 
ed after discharge 
'on' center 
7 tr 18 -230 200 R latency 30 m' sec 
8 tt 3 -155 -- R 'on' center, prolonged 
after discharge 
9 tt 35-152 10° R 'on' center 
10 '+ 30 -160 - R 'on.' center 
11 tt 80-175 100 R 'ón' center 
12 CI,35 23 -232 5° L 'on' center, latency 
25 m .sec 
13 CL23 65-112 3° R 
(R = right eye, L = left eye) 
THE SUPERIOR COLLICULUS OF THE CAT 
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II. THE SUPERIOR COL7,ICULUS OF THE CAT 
Twenty -eight eats were used in the experiments on the 
S.C., 7 in the mapping experiments, 13 in the single unit 
studies, and 8 in the cooling experiments as well as single 
unit studies. 
A. THE RETINAL REPRESENTATION ON THE SUPERIOR COLLICULUS 
1. Anatomical observations 
The main task: was to determine the retinotopic oran- 
ization onto the surface of the S.C.. In order to do this, 
it was necessary to define the boundary of the S.C. and it 
was decided to use the extent of the superficial cell layer, 
stratum griseum superficiale, as a boundary of the S.C.. 
In the course of this study, some anatomical observations 
have been added. In the toluidine blue stained sections, the 
layers of the superior colliculus are fairly clearly defined 
in the upper part but not in the lower part. The stratum 
griseum superficiale has greatest thickness in the central 
region, being about 0.6 to 0.3 mm., and thins out progressively 
as it reaches the peripheral part. The thickness of the 
stratum opticum is about 0.7-1.0 mm. in the central part. 
The adjacent deeper layer, stratum griseum intermediale, 
has about the same thickness as the stratum opticum, but in 
some histological sections, it was found that the boundary 
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between the two layers could only be determined approximately 
(Fig. 15). 
The surface of the S.C. is curved in the medio- lateral 
as well as antero -- poster=ior plane, especially the extreme 
lateral part. It was therèfore necessary to transform this 
surface into a flat surface for accuracy in mapping experi- 
ments. The surface of the left S.C. of 5 cats were flattened 
out as explained in the section on experimental methods, and 
the surface areas were calculated. The average value ob- 
tained was 33 Let. 
2 
(Table 2). 
2. The retinotopic prolection onto the suzeri.or collicul 
The projection of the visual field was determined in 
5 experiments, from which the results are reproduced - 
Experiments CS2 Figure 16, Experiment CS4 Figure 17, 
Experiment CS1 Figure 18, Experiment CS20 Figure 19, and 
Experiment CS5 Figure 20. 
The positions of maximal response in the right visual 
field are shown corresponding with the positions of the 
electrode on the surface of the left S.C.. Each point in 
the right visual field is represented by a point in the S.C., 
so that the horizontal and vertical dimensions of the cat's 
visual field are projected as a two -dimensional map onto the 
surface of the contralateral S.C., The point of localization 
in the visual field was made when the electrode was in the 
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very superficial part of the S.C., because the receptive 
field is smallest here; by passing the electrode through 
the S.C. and recording from different deaths, it was found 
that the receptive field became larger and larger, and thus the 
center of the receptive field could not be determined with 
certainty. 
The general outline of these results establisnee clearly 
that the central visual field is represented on the anterior 
part of the S.C. with the peripheral field posteriorly. 
The upper field quadrant is projected onto the antero- medial 
part of the S.L. while the lower field quadrant is represented 
on to the postero -lateral part. The projections of the meri- 
dians of the visual field radiate backward and medially; the 
upper vertical meridian (00 -900) runs medially along the anter- 
ior border of the S.C., the lower vertical meridian (00 -2700) 
laterally along the anterior edge of the S.C., and the 
horizontal meridian (00 -1800) runs backwards and medially. 
The dorsal view projections are also produced in the 
Figures 16, 17, and 13 to show the differences of the shape 
and retinotopic patterns of the S.C. before and after flatten- 
ing out. 
The central field is represented on a disproportionately 
large extent of the collicul ar surface, compared with the 
peripheral field. The area of the surface enclosed by the 
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10o semicircle occupies almost one -fourth of the available 
surface, while the 300 semi- circle, almost half, and correspond- 
ingly the smaller area in the more peripheral field. The 
surface areas of the S.C. subserving different semi -circles 
in the visual field are shown in Table 3 in detail. 
The results also establish that the horizontal meridian 
(00 -1800) divides the collicular surface into 2 halves, the 
medial part for the upper visual field and the lateral part 
for the /ewer visual field. The areas devoted to the upper 
field and lower field quadrants show significant difference. 
The average surface areas of the upper and lobe- field Quad- 
rants, as measured from 5 experiments, are 42 % and 58% 
respectively (Table 2). 
Equal sectors of the visual field do not correspond to 
equal areas on the S.C.; the sectors adjacent to the horizon- 
tal r,ieridian enclose between them the greater .cart of the 
surface of the S.C., while the sectors near the vertical 
meridian take up a smaller area. This is clearly illustrated 
in Table 3. 
3. The magnification factor along the horizontal 
meridian 
The variations of the magnification factor with retinal 
eccentricity along the horizontal meridian were determined and 
the composite results of 5 experiments are reproduced. (Fig. 21) 
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Tho magnification factors along a horizontal meridian 
are maximal at the center (;jean 0.9 mm. /degree) falling off 
rapidly to a :Near value of 0.1 mm. /degree at 100 out from 
the center of fixation and after that falling gradually to a 
mean value of 0.02 mari. /degree at 600 from the fixation point. 
In order to compare the magnification factors along a 
horizontal meridian for different visual centers, the results 
of the magnification factors of the L.G.N. as reproduced from 
Seneviratne (1963), and centroperipheral ganglion cell density 
of the retina (Stone, 1965), are plotted together against the 
retinal eccentricity. (Fig. 22), In general, all 3 curves 
show approximately the same pattern, with minor differences. 
They fall off within 10° from the fixation point and after 
that fall Gradually. The pattern of ganglion cell distribu- 
tion in the retina is similar to the variations of a magni- 
fication factor with retinal eccentricity. 
4. The extent of the visual field 
All peripheral limits of the visual field have not been 
obtained during the course of any single experiment, so it 
was necessary to combine all the experiments as the composite 
result (Fig. 23). The results show that the localizations 
have been obtained, 35° above and 45° below the fixation point 
on the vertical meridian, and 85° temporal to the fixation 
point on the plane surface projection of the S.C.; it is 
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evident that some small areas cf the eollicularsurface peri- 
pheral to these values, have not been studied in the region 
of a horizontal meridian. Thus it is likely that the horizont- 
a]. meridian is represented up to 900, but the upper and laver 
visual fields seem to have restricted representation, and 
particularly the upper field. 
5. The representation of the area centralis 
The present experiments have described the projection 
of the area centralis onto the anterior edge of the S.C.. 
On a few occasions the localizations were exactly on the 
center of fixation, and the area of the superior colliculus 
subserving the central area within 20 occupies about 10% of 
the total surface, as measured in 2 experiments. These find - 
ings are in agreement with the anatomical studies of Laties 
and Sprague (1966) who made lesions in the area centralis, 
and by Nauta -Laidlaw technique found degeneration bilaterally 
in the rostral one -third to one- fourth of the S.C., this 
being considerably heavier on the crossed side. 
B. SINGLE UNIT ACTIVITY OF TUE SUPERIOR COLLICULUS 
The recording site in the S.C. has been determined by 
two methods; first, by using electrolytic lesions and, second- 
ly, by observing the position where the electrode first touches 
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surface of the S.C. An electrolytic lesion was made at the 
site of the unit recorded, usually only one lesion at one 
penetration. The sites of recordings at different depths 
can be measured from the drawing of the enlarged histological 
sections. The point of nn electrode touching the collicular 
surface was found to be a characteristic feature e When an 
electrode is above the colliculus it is possible to record 
diphasic responses from the stimulation of a neon flash at 
the eye or at the localizing point at the perimeter arm. 
When the electrode contacts the surface cf the S.C. the di- 
phasic slow wave suddenly increases in amplitude and a sharp 
crackle of the axon and cell action potentials is heard or 
seen in the oscilloscope. The estimation of the point from 
which a given unit is recorded by referring the depth read- 
ing to that of the collicular surface as read when the elec- 
trode is touching the S.C., was found to be fairly accurate. 
General features of units recorded from the superior 
colliculus 
After the electrode has just touched the collicular sur- 
face, the units with "small receptive .field" (10-3° in dia- 
meter) are invariably recorded. When the electrode travels 
down deeper and deeper the receptive field becomes bigger and 
bigger, becoming "medium- sized field's (30-10° in diameter), or 
"large receptive field" (over 10° to about 40° in diameter.). 
IND 94 INO 
The optimum stimulus for these units is a moving object. 




/sec., the medium -sized receptive field, moderate 
movement, about 5° -CFO °jeer,., and the large receptive field, 
100 ° -300 °jeec. Generally speaking, the velocity increases 
with the size of the receptive field. 
As the electrode is passing down, at a certain depth, 
about 0.6 -0.8 mm. from the surface, it will be found that 
a hissing sound like that of many fibers firing can be heard. 
This depth corresponds to the transitional zone between the 
stratum grLseurn superficiale and the stratum opticum. Spon- 
taneous firing units can be isolated occasionally against 
fiber background. Besides some large field units, two types 
of unit are found, namely, "directionally selective unit ", 
and "specific orientation unit ". The optimum stimulus for 
the former is the movement in a particular direction and, 
for the latter, is a r Movement of a straight boundary with a 
particular orientation. When the electrode enters the stratum 
griseum intermediale, as verified by an electrolytic lesion, 
the usual fiber background disappears. Some spontaneous 
firing units are found, the majority of them being non -visual. 
Visual units recorded from this layer show new characteristics. 
They respond only to fast movement in one direction and show 
no response at all in other directions. The various kinds of 
unit described above will be considered in detai,. below. 
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CLAS.' >IFICATION OF UNITS RECORDED IN THE SUPERIOR 
COLLICULUS 
In the course of the experis.ents, 150 units have been 
studies. These units responded differently to visual stimuli, 
as briefly described above, and can be classified into 5 
groups (Table 4). The behaviour of these units is illust- 
rated in Fig. 25 and the histogram showing the distribution 
of units in different layers is shown in Fig. 24. 
1. Small receptive field unit 
The receptive f-? elcis of 51 of the 150 collicular units in 
this series were classified as "small receptive field unit ". 
The main features of this class of units are: (1) The response 
occur only to slow movements of a stimulus, and (2) Vigorous 
responses are obtained only with a small. stimulus. 
The diameters of their field are smell, ranging from 
1/20 to 30 in diameter (mean diameter 20). The small recep- 
tive field units recorded from the different parts of the S.C. 
have been observed, and their positions were distributed in 
different sectors of the visual field, being situated up to 
600 from the fixation point along the horizontal meridian. 
The relationship between the size of the receptive field and 
eccentricity have also been observed, and it is found that the 
size of a receptive field increases very little, or remains 
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within the same range as the locations proceed fron the central 
to peripheral field. A few units have been observed 60° out 
from the fixation point and still had receptive fields 2°-3° 
in diameter. 
The optimum stimulus for this kind of unit was a slow 
moving stimulus. Usually the speed of movement which elicited 
the response was as slow as 0.5°-2.0°/sec., and there was 
frequently little or no response at all for moverNents faster 
than 10°/sec. The optimum speed was O.5°2 (Fig. 26c). 
This type of unit shows lateral inhibition, as demonstr- 
ated by a stimulus bigger than the receptive field moving 
across the receptive field. The responses become weaker and 
wearer as bigger and bigger stimuli are used. No response 
could be elicited by turning a spot of light on or off in the 
receptive field or the periphery. Most of the units in this 
group were obtained from the upper part of the stratum gris- 
eum superficiale, about half of them were recorded froin just 
under the surface of the superior colliculus. 
Since none of the units has been found to fire spontan- 
eously under chioralose anaesthesia, and their small recep- 
tive field responded only to very slow movement of an optimum 
size of stimulus, it was difficult to know at first whether 
or not such a unit was recorded by the electrode. The tech- 
nique of localizing the receptive field by a neon flash when 
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the electrode had touched the collicular surface was found to 
be a useful guide in finding an approximate position of the 
receptive field. 
2. Medium sized receptive field unit 
Units in this group had medium- sized receptive fields 
and responded to a moderate rate of movement. Thirty -four 
units fell in this class, and consisted of 22.67;i of the 
total sample. Twenty-eight units were recorded from the 
stratum gr3.seum superficiale, almost half of them were in the 
upper part and the other half in the lower part; only u 
units were found in the stratum opticum. Among the units in 
the upper part of the stratum griseum superficiale, most of 
them were obtained below the small receptive field units. 
The size of a receptive field varied from to lee 
in diameter; in general, the receptive fields recorded from 
the upper part are smaller than in the lower part. The optimum 
stimulus was a contrasting edge moving across the receptive 
field at a velocity of 3o to 40o /sec. (Fig. 26 e) . No prefer- 
ential direction was detected. Some, but not all, of these 
units res ,ond to 'on' and 'off' of the perimeter spot every- 
where in the receptive field. (Fig. 26 d). The medium -sized 
receptive field units differ from the small receptive field 
in that more than half of them showd spontaneous activity 
under light chioralose anaesthesia. 
3. r e_receptive_ field unit 
The main characteristics of this kind of unit are a 
large receptive field and response to fast movement without 
a preferential direction. Thirty -two units were observed in 
this series which consisted of 21.33% of the total, The major- 
ity of them, 22 units, were found in both upper and lower 
halves of the stratum optimum, only some 6 units were recorded 
from the lower part of the stratum griseum. superficiale. 
Under light chioraloso anaesthesia units of this type 
showed high levels of spontaneous activity. The optimum 
stimulus was a movement of high velocity across the receptive 
field in any direction. No preferential directions were de- 
tected. The optimum rate varied from unit to unit but was 
within the range 70°-30e/sec. In Fig. 27, the responses of 
a large receptive field unit are shown; (a) shows the response 
to a light spot turned on and off, and (b) and (c) show respon- 
ses to fast movement. Though the ';..ajority of the units of this 
kind wete recorded from the fiber layer (stratum oaticum), the 
action potentials of the units encountered were more charac- 
teristic of cells; showing notches on the ascending limb and 
a long duration. 
The receptive field areas varied from over loo to about 
40° in diameter. The shape of the receptive field was more 
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or less circular or oval. Some fields were found to have an 
oval shape with their long axis along the horizontal meridian. 
Most of the units, however, had the receptive field center in 
the sectors around the horizontal meridian. 
y-. S_pecific orientation unit 
The special feature of this class of unit is that the 
response occurs only to a movement of a contrasting straight 
edge with a particular orientation. Among the 12 units which 
consisted of 8.O`'' cf the total, 9 units were recorded from 
the stratum opticum (4 in the upper half and 5 in the lower 
half) only 3 of them were obtained in the lower part of the 
stratum griseum superficiale. 
All units in this category respond either to a slit 
of light moving across the receptive field in_ a particular 
orientation or black- card -board bar moving against a white 
background. Tilting of the stimulus about 4 from the pre- 
ferred orientation was usually enough to reduce a response 
grently,or even abolished it. (Fig. 28 A,B). It seemed that 
these subgroups correspond to the simple and complex receptive 
fields in the cat's visual cortex respectively (Hubei and 
Wiesei, 1962). Since most of these cells gave little or no 
response to stationary patterns, the distribution of t cir 
excitatory and inhibitory regions is not known with certainty. 
100- 
5. Directionally selective unit 
This group of 24 units, consisting of 14.0;_ of the 
total, could be stimulated only to a movement in one direction, 
but not in the opposite direction. The locations from which 
these units were recorded were in the stratum opticum and the 
stratum griseum intermediale in the majority of cases; only 
4 units were found in the lower part of the stratum griseum 
superficiale. 
In the early part of the experients, directionally 
selective units were found as deep as the lower part of the 
stratum opticum (11 units). These directional units require 
moderate moveMents as an optimum stimulus. In Fig. 26 b, the 
responses of a directionally selective to a rectangular 
light bar moving back. and forth across the receptive field 
with an approximate velocity of 3e/sec. are shown. In this 
case some responses could be elicited in the direction oppos- 
ite to the best direction but these were much weaker. Various 
preferred directions have bee- observed including a centri- 
petal direction (3 units), a movement from the peripheral 
field into the fixation point; centrifugal direction (2 units) 
moving away from the fixation point; as well as the other 
directions (6 units). 
It was * the later stage tl_at the directionally selec- 
tive units in the deeper layer (stratum griseum intermediale) 
were discovered. These units responded only to fast movement 
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in a centrifugal direction within a certain range. (Fig.29, 
30). 
The most striking property of this kind of unit was the 
response to movement in a centrifugal direction and the absence 
of any response at all for movement in other directions. 
The optimum velocities observed were in the range of 1000 -3000/ 
/sec. The responses obtained consisted of a brief discharge 
of only a few spikes. 
Size of action potentials 
Though the amplitude of the action potential was not 
routinely measured, in general, those from the small receptive 
field unit was of very small size (about 50 -100 uv); whilst 
those from a large receptive field unit, directionally selec- 
tive unit, and a specific orientation unit, were of medium 
and large sizes. (up to millivolts in some units). 
C. INFLUENCE OF THE VISUAL CORTEX UPON THE UNIT ACTIVITY 
IN THE SUPERIOR COLLICULUS 
This series of experiments began when the single units 
with complex receptive fields had been discovered in the S.C.. 
Some of these units behaved in a way similar to or related to 
the units described in the cat's visual cortex by Hubel and 
Wiesel (1959, 1962). Moreover, projections from the visual 
cortex to the S.C. have been repeatedly demonstrated by anato- 
mical methods (Barris et al, 1935; Beresford, 1961; Altman, 
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1962; and Sprague, 1963), as well. as by electrophysiological 
methods using strychnine neuronography (Niemer and Jimenez - 
Castellanos, 1950; and Jassik- Gerschenfeld, 1963) . It was, 
therefore, thought necessary to determine how far the proper- 
ties of units in the superior coiliculus are dependent on the 
cortical function. 
Over all 18 units have, so far, been studied by cooling 
the corresponding part of the visual cortex (visual. I), and 
studying the activity of the units recorded from the S.C.. 
7 units wore found to be changed in their activity. The 
positions of the units studied are shown in Fig. 32. 
Units with changed behaviour 
The majority of units which were chanced in activity by 
cooling was in the stratum opticun (3 in the upper half, and 
2 in the lower half); 2 units were in the upper part of 
the stratum griseum intermediale. None were found in the super- 
ficial cell layer. (stratum griseun superficiale. 
Four units had large receptive fields. 2 to 5 min. 
after cooling had been applied to the visual cortex, these 
units no longer responded to visual stimuli as shown in 
Fig. 31 (d) and (e) . Of the two spontaneously firing units 
which have been observed, one of them lost its spontaneous 
activity as well as the visual responses when cooling had been 
applied. Another spontaneously active unit retained spontan- 
eous activity but could not be excited by visual stimuli. 
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In one medium-sized receptive field unit, the visual 
responses. and spontaneous activity disappeared during cooling 
of the visual cortex. 
Two units showed the characteristics of the 'simple' 
subgroup of specific orientation unit. Both units fired 
spontaneously and one of them showed no responses to visual 
stimuli as well as cessation of spontaneous activity after 
the corresponding part of the visual cortex had been cooled. 
Another unit still showed spontaneous activity in spite of 
the loss of the visual response by cooling. (Fig. 31, a,b,c.). 
One to five minutes after the blockage of the visual 
cortex had been removed, all colliculy ̂responses to visual 
stimuli of the units described above could be obtained again. 
Some of them were cooled twice and the same results were 
obtained. 
Unaffected units 
Of 12 units in this group, half of them (6 units) were 
in the group of small receptive field units, and were recorded 
from the upper part of the stratum griseum superficiale. 
The other unchanged units were:- 3 large receptive field 
units, 2 medium-sized receptive field units, and 1 direction- 
ally selective unit. The activity of these units was un- 
altered by cooling applied up to 8 or 10 minutes. 
Fig. 15 
(a) A parasagittal section ')f catis brain to show 
the superior colliculus with two electrode tracks passing 
through. 
Section magnification X 4. 
(h) and (c) Photomicrograph of transverse ,ection 
of cat's superior colliculus to show the electrolytic 
lesions, irdicated by arrows. Lesion in (b) is in the 
middle part of the stratum griseum intermediale and in the 
lower part in (c). (b.- CS27, c.- CS 8) 





Projection of the visual hemi -field of the right eye 
on the left dorsal surface of the cat's superior colliculus, 
dorsal view and plane projections (CS2). 
ant. 




i nte rior 
Cat. visual hemi- field, right eye. 
210° 
post -. 
Plane projection of surface of superior col l iculus, left. 
Fig. 17 
Projection of the visual henni -field of the right eye 
on the left dorsal surface of the cat's superior coll.iculus, 










CAT. VISUAL HEMI FIELD,RIGHT EYE. 







PLANE PROJECTION OF SURFACE OF SUPERIOR COLLICULUS, LEFT. 
Fig. 13 
Projection of the visual hemi- field of the right eye 
on the left dorsal surface of the cat's superior colliculus, 
















Cat.visual hemi -field, right eye. 
150° 
ant. 
2201° I 180° 
170° 
post. 
Plane projection of surface of superior colliculus, left. 
med. 
Fig. 19 
Projection of the visual heri- field of the right eye 
on the left dorsal surface of the cat's superior colliculus, 














P roection of surface of 
su pe rior colliculus, left 
Fig. 20 
Projection of the visual heni- field of the right eye 
on the left dorsal surface of the cat's superior colliculus, 













Plane projection of surface of superior colliculus, left. 
Fig. 21 
Composite results of 5 experiments, to show variation 
of magnification factors with retinal eccentricity along 
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Eccentricity 
Fig. 22 
Composite curves to show the relationship of the niagni- 
ficatîon factors of superior colliculus (A), L.G.N. (c), 
and centro- peripheral ganglion cell density (B) along the 
horizontal meridian. 














































































































































































Com:'os S te results of 5 mapping experir eats, to show 
the distributions of receptive field centers. The line 
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Table 2: showing the surface area of the superior colliculus 
representing different sectors in the visual field. 
Expt. surface area as of total / degree of sector 
9001200 12Ó,D150o 150 $ o 180á210o 2100400 2+02 Oo 
osi 0.405 - - 0.767 - - 
GS2 - - 0.407 0.247 0.733 - 
cs4 - - 0.560 0.609 0.400 - 
085 0.130 0.130 0.847 1.100 0.300 0.300 
020 0.300 0.213 0.547 0.567 0.260 0.400 
AveraGe 0.278 0.172 0.590 0.658 0.423 0.350 































Tablet: showing the surface areas of the 
S.C. (as of the total) subscrving 
different semi-circles in the visual 
field. 
Eccen- CS1 CS2 CS4 CS5 CS20 Average 
tricity 
0°- 2° 













0 ° -10` 20.6 24.4 33.6 - - 26.20 
0 0-15° - - - 24.0 3 7.0 30.33 
00-300 45.8 41.6 56.2 59.9 52.8 51.26 
00-600 77.8 - 84.8 - 84.6 82.40 















































































Histogram showing distribution of units recorded from 
different layers of superior calliculus; Stratum griseum 
auperficiale - upper half (a), and lower half (b), 
Stratum opticum - upper half (c) and lower half (d), and 
Stratum griseum intermediale - upper half (e) and lower half 
(f); small receptive field unit (I), medium -sized field 
unit (II), large receptive field unit (III), directionally 
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Fig. 2 
Diacrarn to illustrate the behaviour of units recorded 
in the superior colliculus. 
The sizes of the receptive fields and their behaviour 
in responding to -having stimuli are shown on the left. 
The broken line represents an approximPte boundary of the 
receptive field and the arrow indicates the direction of 
movement of a stimulus. A scale of a .receptive field is 
10 o 
The distribution of units in the superior colliculus 
corresponding to the type of receptive field on the left 
is shown on the right side as a diagrpmmmtic cross section 















(a) Shows the latencies of the single unit responses 
by a neon flash placed at the perimeter arm, being 33 cm. 
from the eye. This unit was on 120 -195 °, and responded only 
to movement in a centrifugal direction. The latencies are 
31.6, 34.7, and 42.1 msec fror left to right. tTote the progress 
ive increase in latency in the second and third response. 
Time 10 msec in each record. (CS27). 
(b) Shows the responses of a directionally selective 
unit to a rectangular light -bar 10° x 3° moving up and down 
across the receptive field. The velocity was approximately 
30° /sec. This unit had a receptive field about 10° in size, 
positioned on 35° -2050, and was recorded from the lower part 
of the stratum opticum. The arrow indicates the direction of 
movement. (CS13. Time, 100 msec. 
(c) A light -bar. 1/2° wide crosses the receptive field 
2° in diameter with a slow speed about 1° /sec. Increasing 
the width of the stimulus greatly reduces the response. No 
preferential direction was observed in this unit. The unit 
had a receptive field 2° in diameter, and was obtained from 
the upper part of the stratum griseum superficiale, and posi- 
tioned on 15° -228 °. (CS10). Time, 100 msec. 
Fig. 26 (cont.) 
(d) shows the unit response of a medium -sized receptive 
field to 'on' and 'off' excitation with a 10 mm licht spot. 
The middle trace is a signal from a photocell placed in the 
center of the receptive field, 'on' is away from the spike 
potentials. The unit had a receptive field 5° in diameter, 
being recorded from 12° -204° in the visual field. Time, 
10,000 msec. (014) 
(e) Response of another medium -sized receptive field unit 
to a moving rectangular light -bar of 10° x 2° in size and 
o 
approximately 30°-50 /sec. This unit was recorded from the 
lower part of the stratum griseurn superficiale, and was on 
18° -225 °. Time, 100 msec. (C322). 
d 
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Fig. 27 shows the responses of large receptive field units. 
(a) 'on' and 'off' responses to 10 ram spot of light. 
For the photocell's signal, 'on' is away from the spike 
potentials. This unit had a receptive field about 15° in 
diameter, being recorded from the lower part of the stratum 
opticum. The center of the field was on 150-216 °. Time, 
10,100 msec. (CS21). 
(b) Responses of the large rece otive field unit to fast 
ovement. The rate of movement was 240° /see, measured by two 
photocells placed in the receptive field 20° apart. This 
unit, positioned on 230-1890, was recorded from the upper 
part of the strctuni opticum and responded to fast movement 
in every direction. Time, 100 msec. (CS11). 
(c) Another large receptive field unit, being recorded 
fro:_ the stratum griseum superficiale, responded to a rectang- 
ular light bar 10° wide and 5° thick moving across the recep- 
tive field at the optimum rate of 150° /sec. The range of 
velocity varied from 60° -350° /sec. A slower or faster rate 
than this gave no response. The region from which the responses 
could be elicited covered a large area, about 40° across, 
but the center was approximately on 100-180 °. No preferential.. 
direction was observed in this unit. The arrow indicates, 
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Fig. 28 
(a) Responses of specific orientation unit to moderate 
movement of rectangular, 5° X 1°, light -bar in different 
directions. The upper two records show the responses from 
optimally orientated position of stimuli moving back and 
forth across the receptive field. Tiling the stimulus renders 
it ineffective in the lower two records. This unit is situ- 
ated on 4° -210 °. The small arrow indicates the approximate 
point of stimulation, while the lar e one indicates the 
direction of motion. Time, 100 cosec. (CS11). 
(b) Shows responses of another specific orientation 
unit to movement in different directions. This unit had a 
receptive field 8° X 10° in size, being recorded from the 
upper part of the stratum opticum, positioned on 263- 188° 
The optimum stimulus was found to be a slit of light about 
10° wide and 1° thick. This unit responded well if the 
slit was moved steadily across the receptive field and sus- 
tained discharges were evoked over the entire length of the 
















Shows responses of a directionally selective unit 
to movements of different directions. This unit had a recep. 
tive field size about 100 in diameter; was recorded from 
the lower wart of the stratum griseum intermediale, and had 
a receptive field center at 11° -215 °. The optimum rate of 
movement was 100°-150°/sec. Time, 10 wee. (CS27). 
Note the best response in the top record which was 
obtained from movement in a centrifugal direction. The 
responses could be elicited in a certain range of directions; 
and note also the artifact in record (d). 
Fig. 30. 
Another directionally selective unit which gave a 
response only to movement in a centrifugal direction within 
a certain range of directions. Tilting the stimulus 45° 
above the best direction diminished the responses and gave 
even less or none in the direction perpendicular to the 
centrifugal direction. Velocity used in this case was 
200°-300°/sec. Time, 10 msec. This unit was again recorded 
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The upper series of records (c_., b., and c.) show 
the effect of cooling the corresponding part of the visual 
cortex upon the visual responses in a single unit of the 
superior colliculus. 
(a) Response of a unit in the upper part of the stra- 
tum opticum, positioned on 150-206 °, having a receptive 
field size of 3° X 10°, to movement of a slit of light 
10 X 10o across the receptive field with a speed of 25° /sec. 
This unit responded to movement back and forth across the 
receptive field; tilting of the direction of the stimulus 
on either side more than 30° gave no response. 
The middle trace in (a) shows the signal from two 
photocells, 10° apart, for measuring the velocity of the 
stimulus. Time 10,100 cosec in the lower trace. (CS 8) 
(b) After cooling the corresponding part in the visual 
cortex to about 10 °C for 2.5 min, the visual response dis- 
appeared and only the spontaneous activity still remained. 
(c) The visual response recommenced when the cooling 
was discontinued. 
Time in each record (b) and (c), same as in (a). 
The lower series shows the responses of another unit 
to cooled visual cortex, the same procedure as in the upper 
series. 
(d) This unit responded to fast movement with black 
card -board 10© wide and 2° thick moving across the receptive 
field in every direction. The region from which the resp- 
onses were evoked was about 200 across with approximate 
center at 40° -197 °. Again, this unit was recorded from the 
upper part of the stratum opticum. 
(e) A record, with cooled cortex, showing complete 
absence of visual response after 5 min. cooling. The visual 
response came back after cooling had been stopped. 
Time 10 msec in each record. (CS 8) 

Fig. 32 
Diagramatic transverse section of superior colliculus 
illustrating the effect of cooling the corresponding part 
of the visual cortex upon single unit activity on the super- 








O specific orientation 
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THE SUPERIOR COLLICULUS OF THE BABOON 
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III. THE SUPERIOR COLLICULUS OF THE BABOON 
A. THE RETINAL REPRESENTATION ON THE SURFACE OF THE SUPERIOR 
COLLICULUS 
Out of 5 baboons, 3 successful mapping experiments have 
been done. The plane projections of the visual field. onto the 
surface of the S.C. which has been flattened out in order to 
correct the curvature of the surface, have been illustrated 
in Fig. 34, experiment NS5; Fig. 35, experiment MS2; and 
Fig. 36, experiment MS4. Figure 34 is a projection of the 
left visual hemi -field onto the surface of the right S.C., 
whereas Fie. 35 and 36 are the projections of right visual 
henìl -field onto the surface of left S.C,. The size of the 
baboon's superior colliculus, unlike that of the cat's, 
shows considerable variations. Owing to the different sizes 
of baboon used in this study, there is no simple relation 
between the size of the S.G. and the animal's weight. Baboons 
used in experiments MS2, MS4, and MS5 whose body weights are 
1 =.5, 5.77, and 8.00 kg. have collicular surface areas of 28.00, 
43.06, and 47.93 mm2 respectively (Table 5). 
The general scheme of retinotopic projection onto the 
surface of the S.C. (Fig. 34, 35 and 36) has confirmed the 
pattern of the retinotopic organization. of mammals in general. 
- 105 - 
This consists of representation of the central area of the 
retina in the anterior pole with the peripheral field poster- 
iorly; the horizontal meridian (00 -1800) runs backward and 
slightly medially, the vertical meridians anteriorly, the 
upper vertical meridian (00 -90 °) medially, and the lower 
vertical meridian (0° -270 °) laterally. 
Among the three maps, the detail of retinotopic y,ro- 
jection has been shown only in the experiment MSS. In spite 
of this, all 3 maps show clearly that the ratio of the surface 
areas of the lower and una,er field quadrants as divided by a 
horizontal aeridi an (00 -180 °) is about 1:1 (Table 5) in 
contrast to 1.5:1 obtained in the cat's superior colliculus. 
E. THE MAGNIFICATION FACTOR 
The results also establish that the central field occu- 
pies an area larger than the peripheral field. The area 
within 20° occupies about half of the total surface arca. 
The magnification factor, as mm. of surface of receptive 
area per degree of the visual field (Daniel and Nhitteridge, 
1960) has been calculated along the horizontal :eridian 
(00 -180 °) and has been plotted against the retinal eccentri- 
city (angular deviation from the fixation point, Fig. 38). 
The magnification factor fats rapidly within 5° from the 
center of fixation and declines gradually toward the peri- 
phery. 
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The maximal value of the magnification factor at the center 
is about 0.75 mm./degree; and the value 0.07, and 0.03 at 
15° and 40° from the fixation point respectively. 
The relationship of the magnification factors of the 
S.C., visual cortex (Daniel and Whitteridge, 1960) and 
centroperiphoral ganglion cell density.(Whitteridge, unpub- 
lished observations) as plotted against the retinal eccentri- 
city has also been shown in Fig. 39. In general, there is a 
close correlation of these 3 curves with some minor differen- 
ces which are regarded as unimportant when the technical 
error and number of sample are taken into account. 
Owing to the technical difficulty in approaching the 
surface of S.C. s mapping experiments 
done. The extent of the visual field as plotted by using 
the eoint of localization in the visual field is shown in 
Fig. 37. The peripheral field along the horizontal meridian 
has been recorded up to b0° -700 fron the corter of fixation, 
but the upper and lower visual fields near the vertical meri- 
dians show restricted representation. By examining the 
surface areas of the reconstructed S.C., it appears that some 
of the surface areas have not been explored in the course 
of the experiments. 
In addition to the peripheral extent of the visual field 
just described, the experiment a'so s'cws t at there is a 
representat ee of a fovea onto the S.C., at least in one 
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experiment (Fig. 54, MS5), in which a point of localization 
was exactly on the center of fixation, and the area within 
2.5° in this experiment occupies about 18% of the total 
surface area. 
C. SINGLE UNIT OBSERVATIONS 
In the course of mapping experiments, 8 single units 
have been observed and some of the characteristics and sites 
of recordings are summarized in Tzble 6. Although the sample 
is very small, most of the units, like those in the cat's 
superior colliculus, responded well to moving stimuli. 
Anatomically, the units 3 layers, 5 units 
from the stratum griseum superficiale, 1 from the stratum 
opticum and 2 from the stratum griseum intermediale. Apart 
from the non-directionally selective small receptive field 
units about 
30_3e 
in diameter, two specific orientation 
units recorded from the stratum griseum superficiale and stra- 
tum opticum were found. (Fig. 40). 
The latencies of multiunit responses by neon flas4 
placed at the nerimeter arm have been measured and the 21ean 
value of about 30 msec obtained, compared with the latency 
of about 40 msec. of the striate cortex, with more or less 
the same stimulus parameters. 
Fig. 33 
(a) Photomicrograph of a,parasagit section of baboon's 
tal 
superior colliculus to show the electrode tracks. The animal 
head is in the Clarke-Horsley plane. 
Section magnification X 12. 
(b) The same as (a) but higher magnification. 




ro jection of the visual henni -field of the left eye 
on the surface of the baboon's right superior colIicu ?_us, 
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Baboon, visual he mi- field, 
left eye 
MEDIAL- 
Plane projection of surface of superior colliculus, right. 
Fig. 35 
Projection of the visual hemi- field of the right eye 
on the left dorsal surface of the baboon's superior colli- 



















Plank projection of surfaCe of superior colt iculus, left . 
Fig. 36 
Projection of the visual hemi -field of the right eye 
on the left dorsal surface of the baboon's superior colli- 























Baboon,visual hemi- field, 
right eye. 
Plane projection of surface of superior colliculus , left . 
Fig. 37 
Composite results of 3 mapping experiments to illus- 
trate the extent of the visual field subservinÿ by baboon's 
superior colliculus as determined by electrophysiological 
method. 











Baboon,vìsucl hemi fiielcl ,right eye. 
Table 5: showing the surface area of the superior colliculus 
representing different sectors in the visual field 
surface area as % of total /degree of sector 
9íh.12ó 12 -15ó 15áp 18(f 136- 2100 21 246 246- 278 
0.575 0.563 - - - 
0.412 0.615 - - - 
0.660 0.603 0.527 0.327 0.327 










46.18 47 93 
Fig. 38 
Composite results of 3 experiments (MS5, MS2, and MS4), 
to show variation of magnification factors with retinal 







Composite curves to show the relationship of magnifica- 
tion factors of visual cortex (A), and superior colliculus 
(B), and centro-peripheral retinal ranglion cell density (C) 
along the horizontal neridian. 
(A - reproduced from Daniel and nitteridge, 1961; and C - 














































Table 6: units recorded from the superior colliculue of baboon. 











responded to light -bar 
moving up and down, but 
not horizontally. 
recorded from lower 
part of the layer, 
responded to movement 
in any direction. 
391).180° 'off' response to 1 mm 
light spot 
3°., 
200 3o in excited by 'on' and 'ofr 
diameter of 1:i2:2 licht spot, 





responded to moderate 
movement about 200 /sec., 
non- directional 
preference 
responded to vortical 
light -bar moving 
horizontally but not 
vertically 
stratum 200_ 1340 responded only to 
griseua moving spot of light, 
inter- not stationary one. 
ridule 
100.1200 responded to movo~sont 
Fig. 40 
(a) Unit responded to a rectangular light bar about 
10° wide and 2° tilick moving horizontally, but not vertically 
across tLe receptive field. This unit was recorded from the 
stratum opticum and had a receptive field center at 170 -1560. 
The upper trace in the record shows the signal of a moving 
stimulus (MS2). 
(b) Pother specific orientation unit, recorded from 
the stratum griseum superficiale, had a receptive field center 
at 20%134°. The optimum stimulus was a light bar moving in 
a vertical direction back and forth across the receptive field, 
no respondes in the other directions. (n2) 




THE CEREBELLAR VISUAL AREA OF TIE CAT 
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IV. THE CEREBELLAR VISUAL AREA OF THE CAT 
Out of 24 cats in this study, good visual responses 
at unit level were achieved in about half of the preparations. 
In some preparations, the visual responses could not be 
elicited from the cerebellar cortex but could be elicited 
from the visual cortex. Difficulty in obtaining the visual 
responses from the cerebellar visual area has been noted by 
previous authors (Snider and Stowell, 1944; Henneman, 
Cooke, and Snider, 1952; and Fadiga, Pupilli, and Berger, 
1957) who have pointed out the extreme sensitivity of the 
cerebellar cortex to circulatory changes and the lability 
Of the visual responses. In some preparations, good audit- 
ory responses were obtained but visual responses could not 
be elicited by any means. In some parts of the cerebellar 
visual area, the visual responses could not be evoked in 
spite of the occurrence of spontaneous activity. 
Moving stimuli and neon flashes were used to elicit 
visual responses in the cerebellar visual area. The 
behaviour of the latter type of stimulus was an interesting 
problem. The visual response occurred only after the 
presentation of a neon flash at the perimeter arm for the 
first time. It consisted of a sharp biphasic wave with a 
brief burst of spikes superimposed. If the stimulus was 
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presented in the same place and within a short interval, no 
response was elicited again. On the contrary, if the neon 
stimulus was moving around by changing the place of stimu- 
lation, the visual responses could be obtained nearly 
every time. In this case, the localization of the receptive 
field could not be found. The responsos could be elicited 
all over the more central part of the visual field within 
about some 45° from the center of fixation. On the other 
hand, one could locate the position of the receptive field 
by using a moving stimulus. It seemed that the visual 
responses evoked by the neon flash were the movement effects 
of light. 
A. THE EXTENT OF THE CEREBELLAR VISUAL AREA 
The extent of the cerebellar visual area was deter- 
mined by moving stimuli. The boundary of the whole cere- 
bellar visual area could not be determined in any single 
experiment, because some parts of the expected visual area 
were free of visual responses during the penetration of an 
electrode. The extent of the visual area presented here 
was obtained from the observations of a number of experiments. 
The visual. area confined to the declive (lobule VI), and 
folium -tuber vermis (lobule VII.) . No visual res penses were 
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found in. the neighbouring areas of the lobules VI, and VII, 
namely the paramedian lobules, crus I and II, and anterior 
lobe. In Fig. 42a, three electrode tracks have beet aysrx 
to penetrate the cerebellar visual area. The moat amear goer 
electrode track (on the right side of the figure) after re- 
cording the visual responses from 4 folia, entered the - 
terior lobe from which the spontaneous units without r seal 
evoked responses were obtained. Auditory responses were 
also observed, but no attempts were made to investigate these 
responses systematically. 
The extent of the visual area in the present study is, 
in general, in agreement with the cerebellar visual area 
described by Snider and Stowell (1944), and Fadiga, Pupilli, 
and Berger (195 7), who found the maximal visual response in 
the region of the tuber- vermis. However, their response 
also included the neighbouring structures, e.g., covering the 
primary fissure to invade the two or three most caudal folia 
of the culmen, rostral folia of the pyramis, and medial 
portions of the paramedian lobule. Furthermore, with very 
strong stimuli the visual responses could be elicited from 
the whole cerebellar hemisphere as well as the vermian por- 
tion ( Fadiga, Pupilli and Berger, 1957)- It is certain that 
the very strong stimuli and much less selective electrodes 
used by these investigators were the cause of the larger 
visual responsive area. In_ addition, the silent areas 
separated by the area of maximal responses as described by 
Snider and Stowell (1944) have not been observed in the 
present experiments. 
Several attempts have been made to elucidate the 
problem of retinotopic organization ônto the cerebellar 
visual area. The retinotopic organization, however, so far 
has not been accomplished. Whether there is no proper retino- 
topic projection or the projection patterns are complicated 
or distorted by the complexity of the folia's patterns must 
be determined in the future. 
B. SINGLE UNIT ACTIVITY IN THE CEREBELLA VISUAL AREA 
The visual responses of 104 units recorded in the cere- 
bellar visual area have been studied. One characteristic 
which was common to all units was the habituation to repeated 
stimuli. If the successive stimuli, the moving stimuli 
used in the present study, were applied with an interval 
of less than 1 sec., usually no responses could be elicited 
but the responses occurred Eter the ti lapse of a few 
seconds or more, and Ster about 5 sec. strong responses 
could be evoked. Another way of exciting a unit after its 
responses to a stimulus had waned was to shift the position 
of the stimulus in the receptive field. 
The latencies of the visual stimuli either by a moving 
light -bar or a neon flash placed at the perimeter arm were 
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measured from a small sample of units and latencies of about 
40 -50 msec. were obtained (Fig. 44, a, b, c.). 721.e spoataa- 
cous resting discharges have been observed fregwat1 , but 
the rajority of them were non -visual units. Zoo types of 
spontaneous firing units, the rhythmic bursts of spikes and 
units firing at a regular interval were observed (Fig. 44, 
d and e). The discharge frequency of the latter type was 
about 60 /sec. Brookhart, Moruzzi, and Snider (1950) studied 
the spike discharges of single units in the cerebellar 
cortex and found that the rate of single unit discharge was 
generally in the range of 70 to 80 /sec., but, however, lower 
frequencies (about 30 /sec.) as well as higher (150 -160 /sec.) 
were also recorded in the decerebrate preparation. 
The units in the majority of cases could be stimulated 
with either eye and the same directional preferences were 
obtained, from both eyes. The opposite preferred directions 
have not been observed. Surprisingly, some units required 
binocular stimulation, occlusion of either eye resulting in 
no response at all in spite of strong stimulation. However, 
in some units, monocular stimulation gave a weaker response 
than the binocular one. 
I. Non -directionally selective unit 
Medium sized receptive field unit 
Seventeen units, consisting of 16.35% of the total 
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population, have been observed in this series. The size of 
the receptive field, measured by a moving stimulus, varied 
between 10o -20° in diameter. Since there was no response 
to a stationary light stimulus and only fast moveeent could 
elicit the response, the boundary of the receptive field 
unit could not be measured with accuracy, only an approximate 
boundary being obtained. No directional preferences were 
detected in this kind of unit. The behaviour of units is 
shown in Fig. 43B. The units shower a response to fast 
movement across the receptive field within a certain range 
of velocity but the optimum speed varied from 100 ° -300 ° /sec. 
The size of the stimulus was not a critical factor, a 2° wide 
stimulus could be as effective as a 10 °. In some cases, 
the stimulus size larger than the receptive field gave less 
response than a small one. 
The distribution of this kind of unit and the direction- 
ally selective units which will be mentioned later on, has 
been observed , and the centers of the receptive fields were 
found to scatter around the center of tee visual field, being 
at 50 -40° from the center of fixation. 
Large receptive field unit 
This type of unit, consisting of 22 units, (21.15% of 
the totalsample), had characteristics which were different 
from the other 3 groups (Fib;. 43A). First, the receptive field 
- 
was larger, being about 300 -v0° across and covered the central 
region of the visual field. Secondly, the optimum velocity, 
being about 50 -100° /sec., was slower than the other 3 groups. 
However, the units showed responses to a wide range of 
velocity. Although the units had a very large receptive field, 
a small stimulus as small as 2 -3° wide, and very small excur- 
sion of movement could elicit the response all over the 
field. Thirdly, this large receptive field unit showed less 
habituation to repeated stimuli. The visual response could 
be evoked by repeated stimulation at a short interval. 
2. Directionally selective unit 
Centrifugal unit 
This group of units is an interesting ore, because it 
showed the response to movement in a selective direction. 
36 units have, yo far, been observed. The units showed the 
behaviour in common that a fas'c movement about 100 ° - 400 ° /sec. 
moving across the receptive field in a centrifugal direction 
(moving away from the center of the visual field), was an 
optimum stimulus. No responses could be elicited in a centri- 
petal direction. However, the range of the directional 
response seemed to vary from unit to unit. (Fig. 49). The 
receptive field as measured by such moving stimuli was 
approximately 100-20° in diameter. Soue units showed a recep- 
tive field saller than 10 °. The behaviour of this kind of 
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unit is illustrated in Fig. 430, 45 and 46, ar." the :_r distri- 
bution in the visual field, including the race of directional 
responses, is shown in Fig. 49. One of the characteristics 
which is worth mentioning, is that movement in a centrifugal 
direction not only evoked no response, but also seemed to 
inhibit the resting discharge in some units (Fig. 
Uncategpri.zed growl 
46, 48b). 
A number of units recorded in this series of the present 
study showed variable responses to moving stimuli, which 
could not be classified into either a non -directional medium - 
sized receptive field unit or a centrifugal unit. This kind 
of unit showed variation in response to moving stimuli from 
time to time, but after the observations were made repeatedly 
the optimum stimulus of such units was revealed. Movements 
in both centrifugal and centripetal directions were the 
optimum stimuli in one group of units, but not in a perpend- 
icular. direction (Fig. 43D and 47). Some units showed the 
responses to movement in every direction, but after repeated 
observations, it seemed that movement in a centrifugal 
direction still gave more responses than other directions 
(Fig. 43 E and 48 d). 
Fig. 41 
Serial parasagittal sections át the region of tuber 
vermis to show the different patterns of folia resulting 
from the turns of vermis. (CC23). 
Section magnification of a, b, c, and d are 5.7, 5.4 








(a) Photomicrograph of a parasagittal sectic:0 of cat's 
cerebellum to show the course of 3 electrode tracks. (CC20). 
Section magnification x 11 
(b) Parasagittal section of cat's cerebellum at the 
region of vermis to show 3 electrolytic lesions, indicated by 
arrows. (0023). 
Section magnification x 12. 
a 
.r.f;; 
Table 7: classification of units recorded from the 








1. Non- directionally 
selective unit. 
A. medium recep- 
tive field unit 
B. F.,ar Ge recep- 















/sec. 17 16.35 
moderate movement 
30°-60° in any direc- 
tign, 
50 -100°/sec. 22 21.15 
10 ° -20° 
10° -20° 
fast movement 
in a centri- 
fugal direction, 









Diagram showing the different sizes of the receptive 
fields and their behaviour in responding to moving stimuli. 
Broken line represents a boundary of the receptive field, and 
an arrow indicates the direction of movement of stimuli. 
The sizes and positions of the receptive fields in relation to 
the visual field are shown. 
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The upper records (a, hl and c) show the latencies of 
the visual responses. 
(a) Response from a light-bar moving across the receptive 
field at the rate of 360° /sec. Two photocells, placed 10° 
apart, were used to measure the velocity of the stimulus. 
The latency in this case is 41.7 msec. Time, 100 msec. (CC16). 
(b) and (c), responses from a neon light, at the peri- 
meter arm (33 cm from the eye), with the latencies 44.02 and 
50.0 msec respectively. Time 10 msec in each case. (cc22). 
(d) shows rhythmic bursts of spikes of non -visual 
spontaneously girinL; units. Tie, 10 msec. (C01S). 
(e) shows another type of spontaneously non-visual unit, 
frequency about 60 / sec Time 10 msec. (0023)0 
(f)Brief response to movement with high frequency spikes 
over a large region of the central visual field, about 40° 
across. Rate of movement about 50°- 100° /sec. The responses 
could be elicited by movement in every direction, and even a 
short distance. (2 ° -3 °). (0022). 
(g) Another type of large field unit response to movement 
ith low frequency discharge in the centrg :reios: about 40° 
cross. (0020). 
Time in both recerd,s, 10 msec. 
a b c 
e 
Fi` . 45 
Responses of a centrifugal unit to fast movement in 
different directions. This unit was on 250 -1200 and had a 
receptive field size about 100 in diameter, indicated by a 
broken circle. The small arrow indicates approximately when 
the light -bar entered the receptive field, and the large 
arrow shows the direction of the stimulus, being about 
0 x 100 in size, and having a velocity of about 3000 /sec. 
Time, 10 msec. (CC22). 

Fig. 46 
Responses of another centrifugal unit to fast move- 
ment in various directions. A receptive field was 25° from 
the center on the radius 232 °, and had a receptive field size 
approximately 15 
0 
in diameter. The stimulus was a light -bar 
7° x 20° in size, with a velocity of about 250° /sec. 
Time, 10 cosec. Symbols as in Fig. 45. (CC22). 
Fí ;. 47 
Responses of a directionally selective unit, positioned 
on 230-238°, tc a rectangular light -bar, moving back and 
forth across the receptive field in the centrifugal, centri- 
petal and perpendicular directions. A large arrow indi- 
cates the direction of movement (downward- centrifugal and 
upward- centripetal), and a small arrow indicates an enter- 
ing point of the stimulus into a receptive field. Rate of 
movement about 250 ° -350° /sec. 
Time, 10 meec. (CC22). 
Note the variability of the responses. All records 
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Fig. 48 
(a) Responses of a medium receptive field unit to 
fast ,;Iovement (about 200- 300 ° /sec) in different directions. 
The stimulus was 10° wide, 2° thick light -bar. The large 
arrow indicates the direction. rif motion, whereas the small 
arrow represents an approximate point of a stimulus cater- 
ing the receptive field. Time in each record, 10 msec.(CC17). 
All records read from right to left. 
(b) Responses of a unit to fast movement (about 200° . 
350 
0 
/sec) in a centrifugal direction (left). Note the inhibi- 
tion of the resting discharge by the centripetal movement 
(right). (CC22). 
(c) Shows two unit responses being recorded from the 
same electrode position. The small unit responded to the 
stimulus moving in both centrifugal and centripetal directions, 
while the large unit responded only to centrifugal movement 
(left). Stimulus size 7° x 20 °, and rate of movement about 
300° /sec. Approximate position of receptive field, 15° 
from the center, and on the radius15 °(CC22). 
(d) Responses of another directionally selective unit 
to movement of a rectangular light -bar back and forth across 
the receptive field in the centrifugal (left) and centripetal 
(right) directions. For the testing stimuli in each direction, 
3 out of 10 could be elicited in centripetal direction, but 
every time in centrifugal direction. In other directions 
no responses could be elicited. (CC22). 
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Distribution of the receptive field centers of 35 
centrifugal units recorded from to cerebellar visual area. 
The arrow indicates the direction of movement of optimum 
stimulus, and the acute ancle shows the rance of directions 





Cat ,visual f ield . 
DISCUSSION 
NUCLEUS INTERLA MINA LIS IIEDIALIS Cr L.G. 
NUCLEUS Iid9.'LRLIiAßIsáfiLIS MEDIALIS OF L. G. N. 
A. RETINOTOPIC ORGANIZATION 
The organization along a rostro- caudal axis, with the 
lower visual field rrojecting to the anterior nart of the 
nucleus, and upper visual field to the posterior nart of the 
nucleus in the present experiment is in agreement with the 
anatomical studies (Carey, 1965; Laties and Sprague, 1966; 
and Stone and Hansen, 1966). In the cace of Stone and Hansen 
(1966) they have found clear evidence of the retinotopic 
organization in antero -posterior direction only in the ipsi- 
lateral N.I.M. not in the contralateral N.I.M. 
The present experiments also show some degree of retino- 
topic organization in a dorsal -ventral direction as well as 
a medio- lateral. direction. There are controversial views 
of the retinotopic organization among anatomical studies by 
various authors. In a preliminary report by Garay (1965), he 
describes "the central area is represented in the more dorsal 
part of the nucleus, while peripheral lesions cause degener- 
ation in the ventral half". 
Stone and Hansen (1966) found some medio -lateral organ- 
ization of ipsilateral and contralateral projections. 
Degeneration either in the medial or lateral edge of the N.I.M. 
resulted from lesions in the contralateral eye whereas in 
the ipsilateral eye it was usually situated approximately 
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centrally. Their findings are consistent with fayhow's 
descriptions (1953) of three vertically orientated layera, 
the middle layer having ipsilateral afferents, the medial 
and lateral layers having contralatoral afferents. The 
present result ad not reveal this organization. Most of the 
responses were obtained from the contralateral eye, only a 
few of them were from the ipsilateral eye. 
Laties and Sprague (1966) described degeneration in 
the N.I.M. after lesions of both central and peripheral 
retina; in contrast to Stone and Hansen (1966), who found 
degeneration only from the peripheral and pericentral areas, 
not from the central area. This had led the latter authors 
to suggest that "the N.I.M. does not take part in the path- 
way directly involved with visual perception, but serves 
some accessory function ". The present study, in this aspect, 
is in agreement with Stone and Hansen (1966) in which no 
responses were obtained from the central retina. 
The extent of the visual field in the present study 
has been found up to 60° or 70° from the center of fixation, 
whereas Bishop (1965), by electrophysiological: method, found 
only the more central parts of the visual field. 
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B. 'i L?.YERENT CONNECTIONS FROM THE NUCLEUS IN'TERLAMINALIS 
MEDIALIS 
In order to understand the function of this nucleus, 
it is necessary, as a first step, to know the connections of 
this nucleus. Garey (1965) has reported retrograde degenera- 
tion on the N.I.H. following cortical lesions placed lateral 
to the area 17. His results suggested that cellular degenera- 
tion in the N.I.M. is found when the lesions extend beyond 
area 17, but whether area 18, 19 or both is the termination 
has not been determined. 
Wilson (1966) has tried to clarify this problem; his 
technique was to make electrolytic lesions in the N.I.M. 
stereotaxically, using a horizontal approach to avoid damage 
to the corpus caliosum. However, lesions which include the 
N.I.M. produced degeneration in the visual area III in the 
bottom of the snlenial nulcus and on the middle suprasylvian 
gyrus. His relevant lesions always involved the N.I.M., but 
also extended in to the adjacent carts of the pulvinar 
nucleus. One medially placed lesion was restricted to the 
pulvinar, lateral posterior nucleus, and the middle supra- 
sylvian gyrus is the only Wart of the cortex which shows 
degeneration. 
In addition to the c;ain ipsilateraì cortical projection 
from the N.I.M. Bishop (1965) has cited the evidence for a 
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contralateral cortical projection from the N.I.M. made by 
Hansen in his laboratory; there was evidence of degeneration 
in the opposite N.I.M., at least in one instance, following 
a lesion of the posterior part of area 17 on the medial 
surface of the hemisphere, via corpus callosum. Contra - 
lateral degeneration was only found following lesions at the 
medial surface of the hemisphere; the main nucleus was free 
of degeneration. 
The functional significance of the double representation 
in the L.G.N. is not known. Bishop (1965) has au;,,;eeted the 
role of the U.I.M. as a phenomenon analogous to 'acular 
sparing in man by the existence of contralateral cortical 
projection and by the retinal representation existing only 
in the more central region. un the other hand, Stone and 
Hansen (1966) could not find the representation in the N.I.M. 
after a central retinal lesion and this is in agreement with 
the electrophyciological mapping of the present experiments. 
Thus it is difficult to consider tais as a possible function. 
SUPERIOR COLLICULUS OF THE CAT 
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III. THE SUPERIOR COLLICULUS OF THE CAT 
A. TilE RETINAL REPRESENTATION ON THE SUPERIOR COLLICULUS 
1. The retinotopic organization onto the superior 
colïiculus 
Since Apter has described the retinotopic projection 
onto the cat's superior coll.iculus in 1945 by electrophysio- 
logical methods, using moist wick electrodes, many investiga- 
tors with more refined techniques using microelectrodes of 
different Linde and appropriate stimuli, have mapped the 
retinal representation onto the surface of the S.C. of mammals 
and optic tectum of lower vertebrates. Among the mam:aals 
are the rabbit - first mapped out by famdi and Whit terid e 
(1953) and continued by Seneviratne (1963); the rat - more 
recently by Siminoff, Schwassmann, and Kruger (1966); and 
Forrester and Lai (1966). Data on lower vertebrates are 
available for the pigeon - Harsdi and Whitteridge (1954); 
frog - Gaze (1953), and Jacobson (1962). 
In addition, detailed retinotopic representation on 
the cat's visual centers has been shown recently; in the 
L.G.N. (Seneviratne and Whitteridge, 1962; Bishop, Kosak, 
Levick, and Vakkur, 1962, and Seneviratne, 1963), and in the 
visual cortex (Bilge, Bingle, Seneviratne, and Whitteridge, 
1967; who have extended the works of Talbot, 1940, 1942) 
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A more accurate study of a projection of the retina onto the 
S.C. is cf interest to compare either the collicular 
pattern of projection with that of the geniculost.riate system 
in the cat itself, or with the collicular pattern of other 
mammals for the purpose of comparative studies. 
The present study has described the retinotopic pro- 
jection onto the flattened surface of the S.C., which is 
reconstructed from the serial histological sections. In 
general, these results have confirmed the work of Apter,that 
the anterior pole of the S.C. which is devoted to the central 
area of the retina seems to nave a larer area than the rest 
of the retina. The horizontal meridian runs backward and 
slightly medially splitting the S.C. into the lateral part 
for the lower visual field, and the medial part for the upper 
visual field. The vertical meridian runs along the anterior 
edge of the S.C. The present results also have extended the 
information further. The area of the S.C. devoted to the 
lower field quadrant is larder than the upper field quadrant; 
this seems to be equal in the Apter chart. The difference 
can be explained at least for one reason, that the present 
maps were obtained from the surface of the S.C. which had 
been flattened out, and by the fact that the S.C. is curved 
in the lateral part more than the medial part. The disparity 
between the areas devoted to the representation of the lower 
and upper field quadrants has also been shown to exist at 
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the ger_iculate level are described by Seneviratne and 
Whitteridge (1962), and in the visual cortex (Bilge, Senevir- 
atne, and Whitteridge, 1963), and more recently by Bilge, 
Bingle, Seneviratne and Whitteridge (1967) . The ratio of 
the areas between the lower and upper field quadrants in 
the L.G.N. as measured by these authors is 2:1. The ratio 
of 1.38:1 is obtained in the S.C. from the present experiments. 
The retinal ganglion cell studies (Stone, 1965) do not 
reflect the disparity of the surface areas of either the 
geniculostriate center or the collicular center, devoted to 
the representation of the upper and lower field quadrants. 
Instead, they show equal distribution along both the upper 
and lower fields. 
Seneviratne (1963) has discussed the functional signi- 
ficance of the disparity of the areas in the cat's L.G.N., 
citing the presence of the tapetum in the upper retina, as 
being the post retinal mirror (Granit, 1943; Weale, 1953; 
and Campbell, 1961). He pointed out that such intraocular 
scattering of light by the tapetu-ri would tend to diminish 
the acuity of the retina; hence the representation of the 
lower field on the larger area of tho L.G.N. nay represent 
a compensatory adaptation, giving the cat enhanced sensitivity 
and acuity in the lower visual field. 
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2. The magnification factor 
The magnification factor, c'efined by Daniel and 
Whitteridge (1961) as mm of receptive surface /degree of 
visual field, has been calculated in the horizontal meridian. 
When plotted together with tho retinal ganglion cell concen- 
tration (Stone, 1965) against the retinal eccentricity, the 
magnification factor follows closely with the retinal ganglion 
cell density. There is also a close correlation between the 
region of greatest density of ganglion cells, and both vary 
in the same way with the retinal eccentricity in the frog 
(Jacobson, 1962). In the pigeon, tho area of tectum devoted 
to any area of the retina is also proportional to the ganglion 
cell density of that area of the retina. There is a region 
of increased ganglion cell density im.ediately above a well 
developed fovea; there is also a corresponding large area 
on the lower surface of the optic tectum for the representa- 
tion of this area (Whitteridge, 1965). 
Comparison of the magnification factors in the S.C., 
and L.G.N. (Soneviratne, 1963) was made, and in Ceneral the 
same pattern was obtained. The differences may be regarded 
as insignificant, if the technical error and biological 
variation are taken into account. 
The curve of retinal ganglion cell density as plotted 
is the result of the whole ganglion cell counts of the cat's 
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retina without regard to their size (Stone, 1965). As a matter 
of fact, the optic fibercconveying impulses to the S.C. are 
only a fraction of the whole optic nerve fibers which travel 
mainly to the L.G.N. and include a small number to the pre - 
tectum and the accessory optic tract system. There is some 
agreement between electrophysiological and anatomical data 
that different sizes of optic fibers terminate in different 
visual centers. Bishop and Clare (1955) have reported, using 
electrophysiological methods, that the fibers of the optic 
nerve show 4 groups which differ in conduction velocities. 
Although there is some argument about the fiber grouping, 
the evidence from anatomical as well as clectrophysiological 
data is in agreement that the larger fibers terminate in the 
L.G.N., and the small fibers end in the S.C. (Barris, Ingram 
and Ranson, 1935; ;i'Leary, 1940; Altman, 1962; Singleton 
and Poele, 1966; Bishop and Clare, 1955; and Altman and 
Ìhlis, 1962) . 
Stone (1965), besides the total ganglion cell counts, 
has also measured ganglion cell d'.nrleters, and found that, 
in general, the cells are smallest in the central area and 
increase in size as density decreases. The distribution in 
the retina of different cell sizes groups is also shown. 
Among the 5 groups, two of thai with diameter 3 -10 u and 
11 -15 u, represent a large number of the total population. 
The distribution curves of ganglion cells of these two groups 
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show a maximum at the central area and fall off rapidly 
towards the .,periphery of the retina. These two distribution 
curves have shapes similar to the curves of the magnification 
factors in the S.C. and L.G.N. If the fiber size is actually 
related to the size of the ganglion cells (r &aturana, 1)59), 
the ganglion cell groups may be correlated to the terminal 
structures, in these cases the L.G.N. and S.C. The picture 
becomes moro complicated if some small fibers to the S.C. are 
branches from the larger fibers going to the L.G.N. as suggest- 
ed by O'Leary (1940). This is supported by Granit (1955) who 
stimulated the colliculus and iöretectum, and picked up impulses 
from the single, large retinal ganglion cells, and has also 
been confirmed by Chang (1955). Furthermore, since the midget 
ganglion cells of animals with fcvea are srnall,a.nd the gang- 
lion cells in the area centralis retinae of animals that only 
possess a central region with greater cone density li.-.ewise 
belong to the smaller category, it is clear that specific 
messages from cones, in so far as the; exist, will be conducted 
in the relatively small fibers (Granit, 1952). 
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B. SINGLE UNIT ACTIVITY IN THE SUPERIOR COLLICULUS 
Only a few reports of single unit studies of the cat's 
S. . have beell described, in contrast with the detailed 
studies in themniculoatriate system. 
Altman and t4alis (1962), using diffused light ac a 
stimulus, studied the behaviour of unite. They found that 
the depth at which optically driven unit discharge disappears 
varied in different animals (mean depth 1.2 mm). This depth 
corresponds to the lower part of stratum osticum. According 
to the present results, the lowest limit of the photioally 
driven units is the lower limit of the stratum griseum inter - 
mediale, not the stratum griseum superficiale an sug;.:ested 
by Altman and malie. It is likely that their failure to 
drive the units is because the majority of the units in the 
lower Dart of stratum opticum and most of the units in the 
stratum griseum intermediale require more complex stimuli 
than in the superficial layer in which the non -directional 
unit can be stimulated by their diffuse illumination. In 
addition, they have described the spontaneously discharging 
units at depths varying from 0.3 -3.0 mm from the surface of 
the S.C. which were non -visual. This corresponds to the 
layer at which unit responses can be elicited only by a speci- 
fic stimulus. 
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?'bre recently, Marchiava and Pepeu (1966) have reported 
preliminarily the single unit activity in the cat's >.C. 
Most of their units responded to movies, stimuli, only a few 
of them responded to the absence or presence of light. They 
classified units responding to moving stimuli into 2 groups. 
One group, 23 units, required a movement about 6 ° -12° across, 
and the other group, 18 units, required a lar:er extent: of 
movement, about 30-45° across. They have not ientioned 
either the site of recordings in the loyers of the S.C. or 
the velocity of the stimuli used. 
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1. Small receptive field unit 
The small receptive field units were obtained exclusively 
from the upper part of the strrttuM griseum aunerficiale. It 
must be mentioned that the structure responsible for the units 
in the upper part of the Ñ.C. is a fiber layer (stratum 
zonale) as well as the stratum griseum superficirlle. The 
stratum zonate in the cat, as described by Huber and Crosby 
(1943), consists of only a narrow band cf fibers with small 
intercalated neurons, and the thickness of this layer as seen 
in the histological sections in this series of experiments 
is very thin, not more than 0.1 mm. These units wore obtained 
from a wide extent (down to 0.4 m: from the surface) . 
Because the action potential of the unit is cf lower amplitude 
and is usually lost in the background noise or just above it, 
its shape cannot be identified as cell or fibers. If the 
units were recorded from the fiber layer, they should have a 
corticalorigin as su. (vested by anatomists Cajal (1955), 
Altman (1962), and Singleton and Peele (196) failed to ob- 
serve primary optic fibers reaching the uppermost layer, the 
stratum zonale. The positive evidence was obtained by Altman 
(1962) who has found, after a cortical lesion, a very small 
but distinct band of fibers terminating in the stratum zonale 
of the cat. He gives further evidence that these fibers may 
be followed directly from the brachium as a thin band of 
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horizontal fibers moving; over the dorsal surface of the S.C. 
The cortical origin of stratum zonale has also been reported 
in the rat (Lund, 1966) an a few degenerating fibers running 
in the stratum zonale. 
The units with the characteristics of "small receptive 
field unit" have not been described in the cat's visual 
cortex. In addition, the present experiment on cooling the 
corresponding part of the visual cortex (visual Z) failed to 
abolish a small receptive field unit. Thus it in unlikely 
that these units wore recorded from the stratum zonate. 
The possibility of retinal origin of a small receptive 
field unit may be considered. Examining the available data 
recorded from the retinal ganglion cell or the optic nerve, 
the preliminary report by Stone and Fabian (1966) shows only 
the existence of "on -off" units. They have described the 
receptive fields of 30 units recorded from the area centralis, 
in which 16 of them with "specialised fields" were classified 
into 3 groups. One group (4 units) showed "on -off" response 
with no maintained activity, the diameter ranging from 
1/2 -1 1/2°. Only one unit in their category showed a direc- 
tional selectivity. So far, they have described thin kind 
of unit in the area centralis. Whether specialised units 
exist in the peripheral retina or not has to be investigated. 
The failure to find the directionally selective units by pre- 
vious authors (oliesel, 1960; Rodieck and Stone, 1965) may be 
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due to a very small percentage ufß the units which are scatter- 
ed in the relatively small number of ganglion cells, and 
the possibility of selective recording by the electrode. 
However, Humphrey (1967), in his brief note, ;1as report- 
ed units in the superficial cell layer of t:le rat's S.C., as 
having a circular field of 5 -100 across. Rost of his units 
responded to moving stimuli and cave "on" and "off" response 
over the whole field. 
On the other hand, aighes (1966) recorded from the 
rabbit S.C., and described "small field off" units in the 
upper 0.2 1n from the surface. These units gave only an 
"toff" response with marked lateral inhibition, and maintained 
discharge was not very common. He also described "on -off" 
units of 0.5 to more than 10° in diameter, in which some of 
the characteristics can be compared with small and medium- 
sized receptive fields in the present series. In addition, 
he has noted that the unit was very sensitive to movement. 
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2. Medium and large receptive field units 
In the retina, Stone and Fabian (1966), have described 
a diffuse receptive field which is one type of their 'special- 
ized field' group. This type of units has a larger receptive 
field, small center and large surround, with oscil atory 
responses to flashing stimuli. The responses to movement 
have not been investigated. 
The more comparable type of receptive field with the 
"large receptive field unit" in the ?;,resent series has been 
described by Barlow, Kill and Levick (1964) in the rabbit 
tetina. They have described "large field type units" and 
have noted that units were very sensitive to _movement. Both 
bright and dark spots :::eve very vigorous responses if the 
movement was fast enough. They also showed the responses 
of a large field unit to a rapid movement, and the fastest 
velocity in their records, is up to 290 ° /sec., in which a 
good response can still be elicited. 
In the tectum of the frog, Lettvin, iSaturaria, Pitts 
and reCulloch (1961) have described the large receptive field 
units in which they termed "newness neurons ". These cell 
bodies lie in the outer zone of a granular layer beneath the 
palisade layer, and have receptive fields about 30° in 
diameter. Such a neuron res -onds a little to sharp changes 
in illumination. They have remarked that marked adaptation is 
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also an important characteristic of their units. 
The size of the recative field 
One of the interesting findings in the ereccnt results 
is the size of a receptive field of "small receptive field 
unit" which is recorded from the upper part of the stratum 
griseum superficiale. The results shod that the receptive 
field in the periphery still has a field size as small as 
the central field,or near central (20-3° in diameter). 
Seneviratne (1963) measured the size of the receptive field 
units in the cat's L.G.N. and has described the small recep- 
tive field (1 -2° in diameter) within 10° from the center of 
fixation and 4 -6° in diameter or more beyond 25° from the 
center. Generally speaking, tl:e size of receptive fields 
increases from the central to the peripheral. Ilubel and 
Wiesel (1962) have also sui; vested that in more peripheral 
parts of the retina the field of cells in the cat's visual 
cortex tended to be larer than in the central part. 
The differences in the distribution of receptive fields 
in the geniculostriate and the collicular system may reflect 
the functional differences of these two systems. The former 
concerned with visual perception would recuire a high degree 
of resolution for good visual acuity in the central region 
than in the peripheral part; whereas the latter, being 
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concerned with functions other than visual perception, e.g., 
eye movement control, would depend on pericentral or peri- 
pheral fields as much as on central fields. 
Another aspect of the receptive field size is that, 
in general, the deeper the recording; sites the larger the 
receptive field. This generalization has also been noted 
by previous authors. In the rabbit's S.C., Seneviratne 
(1963) observed the small receptive fields in the col7.icular 
surface, and the fields becoming progressively larger in 
size with increasing depth of electrodo. This view has been 
confirmed by Hughes (1966), extending the work by studying 
the units in the rabbit's S.C. in detail. In the rat's S.C. 
(Humphrey (1966) has also found reco , give fieldr, in the 
stratum griseum superfi.cia?.e, 5 -10° across, and 30 -90° in the 
lower layer corresponding to the stratum opticum. 
3. Directionally selective unit 
Directionally selective units !gave been described in 
the retina of the rabbit (Barlow, Hill, and Lovick; 1964), 
frog (Naturana, 1960), and pigeon (:aturr+na and Frenk, 1963); 
the tectum of the frog (Lettvin, Haturana, Pitts and McCulloch, 
1961) and rabbit (Schaeffer, 1962); the lateral geniculate 
nucleus of the rabbit (Arden, 1963) and cat (iZoeak, Rodieck 
and Bishop, 1965)and the striate cortex of the cat and mon- 
key ( Hubel, 1959; and Hubel and : ;iesel, 1959, 1962); and very 
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recently in the retina of the cat (Stone and Fabian, 1966; 
and Spinelli and Weitirgarton, 1966) ; and the optic nerve of 
the monkey (ichael, 1966). 
Hubel and Wiesel (1959, 1962), in their description of 
"comrlex receptive fields ", which were recorded from the 
cat's visual cortex, have described the d- rectionall;,, selec- 
tive units. The most effective rates of movements for their 
units varied from cell to cell, from about 0.10 to 20.00/se., 
On rare occasions, inhibition of resting dischar e in the 
null direction has been observed. 
From available data, it seems tat the directionally 
selective units exist in the retina of lower animals and 
in the higher visual centers of higher animals, e.g., cat 
and monkey. Brown and Rojas (1965) have also studied the 
receptive fields of retinal ganglion cells in the ra:, and 
they found no directionally selective units, nor did Rodieck 
and Stone (1965, a, b). In the cat's retina, however, Stone 
and Fabian (1966) in their preliminary report, have a. own 
a directionally selective unit to exist in the cat's retina, 
by recording from the area centralis. This is supported 
by Spinelli and Weingarten (1966) who also found a direction- 
ally selective unit in the cat's retina. 
The existence of specialized units, e.7., directionally 
selective units in the cat's retina, may be regarded as an 
important observation. Hubel and Wiesel ave suggested 
- 135 - 
that more complex receptive fields recorded from higher 
visual centers resulted from the activity of units with 
concentric fields in the loner visual pathway and recombined 
in some simple fashion. This hypothesis may need revision. 
Attempts were made to explain the mechanism of a direct- 
ionally selective unit. It was thought by I íubel and Wiesel 
(1962) that the mechanism of a directionally selective unit 
in the cat's visual cortex could be explained by asymmetrical 
arrangement of the 'on' and 'off' zones in the receptive 
fields, and the interaction of effects summated over these 
zones. On the other hand, Barlow and Levick (1965), after 
the detailed description of the directionally selective 
unit in the rabbit's retina (Barlow, Hill and Levick, 1964), 
have investigated the mechanism of their directionally selec- 
tive units. This led them to the conclusion that "the gang- 
lion cells responding to a particular direction are fed by 
subset of bipolar cells that respond to the corresponding 
séquence of excitation of two neighbouring retinal regions 
with which they connect ". Furthermore, they have advanced 
their evidence that this senuence discrimination is brought 
about by laterally connected inhibitory elements from one of 
these regions, and this seems to be a likely function for 
the horizontal cells to perform. 
The special type of directionally selective unit 
described in the present study, which has been called 
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"centrifugal unit" has not been reported in the visual system. 
However, by the term "response to centrifugal movement" 
reported by Andrew (1955, nuoted by Lettvin, Maturana, Pitts 
and rlcCulloch, 1961) is meant a stimulus moving away from 
the center of the receptive field in the frog's tectum, which 
is different from the "centrifugal unit" in the present 
study. The physiological significance of the centrifugal 
unit will be discussed together with the centrifugal unit in 
the cerebellar visual area in the last section. 
4. Specific orientation unit 
In the cat's visual cortex Hubei and diesel (1959, 1962) 
were the first to describe the receptive field which requires 
placing or. :loving of a stimulus in a particular orientation, 
and the orientation of the receptive field axis varies from 
cell to cell. 
In the present experiments, receptive fielc'n with nuch 
behaviour have been recorded from the stratum opticum. In the 
present series, most of the units gave sluggish responses to 
a stationary spot of light or stationary light bar; good 
responses can only be elicited by moving stimuli in contrast 
to the cat's visual cortex, described by Hubel and Wiesel 
(1959, 1962, and 1965), in which the majority of units 
responded to stationary stimuli. However, they also described 
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the moving stimuli in studying cells that gave little or no 
response to stationary patterns. 
In view of the behaviour of specific orientation unite 
in the present study which are very similar to units in 
the cat's visual cortex (Hubel and Wiesel, 1959, 1962), the 
Question arises whether these responses have been recorded 
from the axons of cortical cells or have originated in the 
collicular cells themselves. The problem can be answered, 
since on one occasion at least, a unit still fired spontane- 
ously in spite of the loss of the visual responses when a 
corresponding part of the visual cortex had been cooled. 
In other species, units selected for the orientation 
of targets have also bean found in the pigeon retina (Naturana 
and Frenk, 1963) as well as in the rabbit retina ( Levick, 
1967). In both species, the specific orientation units with 
receptive field on the horizontal and vertical preferred 
orientations have been observed. Levick (1967) also discussed 
the usefulness of this unit system in the rabbit by citing 
the ex,,erirent of Vanhof (1966) who has found that the 
rabbit can discrir:inate between the striped pattern of differ- 
ent orientations, other than horizontal and vertical. T!lis 
has led Levick to write "there sees little doubt that the 
rabbit use__ information other than that rov.r?ed by the 
retinal orientation -selective system in the 450-135° 
discrimination task ". 
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C. INFLUENCE OF THE VISUAL COi?ï'JC UPON THE SUPERh`1? COLLICULUS 
The present study establishes that some cella in the 
S.C., especially in the stratum opticu.a, have received 
facilitatory irfluen:es or control from the corre_,po-'ding 
regions of the visual cortex, (visual I), in response to 
visual stimuli. The possibility that the visual cortex may 
exert a facilitatory influence on visual responses at the 
S.C. via a cortico- collicular pathway was suggested by the 
finding that ablation of the visual cortex reduces the ampli- 
tude and lengthens the latency of collicular responses to 
visual stimulation (Ingvar and ,: unter, 1955; and Clark, 1942). 
Recently Jassi:- Gerschenfeld, and Ascher (1963) have reported 
that visual collicular responses were increased by strychnini- 
zation of the visual cortex and decreased (but not abolished) 
by depression or ablation of the same area. 
Most of the units, abolished by cooling in the present 
study, were in the stratum opticum, only 2 of them were in 
the upper part of the stratum griseml intermediale. These 
findings, in general, seem to be consistent with the termina- 
tion of fiber degenerations from cortical lesions. 
In the cat, Altman (1962) resorted that, the cortical 
fibers are distributed separately through the stratum zonale, 
stratum opticum, and stratum ;riseum intermediale. Some 
fibers form a dark band in t. -e stratum opticum and penetrate 
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dorsally into the stratum griseum superficiale, and ventrally 
into the stratum griseum intermediale. The largest bundle 
of corticofugal fibers is concentrated in the stratum griseum 
intermediale and the majority of them come directly from 
the brachium rather than via the stratum opticum. Another 
worker, Sprague (1963) has also reported the terminal degener- 
ation, chiefly in the stratum opticum and stratum griseum 
superficiale, less in the superficial part of stratum griseum 
intermediale after lesions placed in the caudal pole of the 
lateral gyrus or in the middle part of the postero -lateral 
gyrus. These results, however, are in agreement with a 
recent report by Lund (1966) in the rat, who has found that 
the fibers of cortical origin running in the stratum opticum 
terminate in this layer and principally in the deeper part 
of the stratum griseum superficiale. 
The two types of units which were found to be abolished 
by cooling the visual cortex are the specific orientation 
units and non -directional units. The units which have specific 
orientation _roperties have been reported in the cat's visual 
cortex (Rubel and diesel, 1959, 1962). The abolished units 
may be recorded from the axons of these cortical units. This 
possibility can be ruled out by the observation that in spite 
of the disappearance of the visual responsehone unit, at 
but 
least, in this category still wowed spontaneous activity. 
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This also happened in the non -directional units,in which 
spontaneous activity still remained in one unit. Moreover, 
some of them showed the characteristics of cell spiken. We do 
not '.now whether these cells receive the visual input exclus- 
ively from the visual cortex or dual inputs from both the 
visual cortex and direct retinotectal pathway. If the colli- 
cular cells mentioned above receive dual visual inputs, the 
visual response should be reduced or altered instead of 
completely disappearing after the blockage of one input. 
"Whatever the true function of the S.C., Lund (1966) suggested 
that its response to visual stimuli, at le :3t in some cells, 
may be the result of the interaction of two inputs from the 
visual cortex and retina rather than the autonomous function- 
ing of one in the absence of the other, as is often assumed 
in behavioural experiments. The possibility of contralateral 
cortical influence on collicular responses should be considered. 
he wcr+_ of dassik- Gerschenfeld, Ascher and Guevara (1966) 
as demonstrated that although the main effect of the visual 
cortex is exerted on the ipsilateral colliculus; there also 
xists a contralateral facilitatory influence, apparently 
ediated predominantly by intercoilicular commissure. However, 
n the present experiments, Vie corresponding region of tho 
ortex on the contralateral side as well as the ipsilateral 
ortex was cooled, because the cooler was placed in the inter - 
iemispheric region. 
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In responses to photic stimulation, the latency of the 
cortical potential is 7 
± 
1 cosec. shorter than the latency 
of the corresponding collicular response (Altman and Malle, 
1962; }- ïarman and Berry, 19_>>6). The cortico -collicular conduc- 
tion time, measured by spontaneous strychnine spikes and 
electrical stimulation of the visual cortex, is about 2 -2.5 
msec. (Jassik- Gerschenfeld, Ascher and Guevara, 
If the time difference between the conduction of 




eular pathway is allowed for "intracortical relay ", both 
visual impulses should reach the S.C., more or less, at the 
same time, or with very little difference. 
Another view of the interaction of the visual cortex 
and S.C. in the cat has been reported preliminarily by 
Sprague (1966) in his behavioural study. The evidence of 
interaction as a mediation of visually guided behaviour is 
as follows; the initial hemi-anopia from ablation of the 
visual cortex is a.,parently due to the depression of the 
function of the colliculus ipsilateral to the cortical lesion, 
maintained by inhibition of the opposite colliculus,because 
subsequent removal of the contralateral tectum or splitting 
of the collicular commissure abolishes this inhibition and 
allows the return of function in the ipsilateral colliculus 
with recovery from hems- anopia. Sprague emphasizes that 
"visually guided behaviour" is mediated at both cortical and 
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midbrain levels, and thitt there is a mar: :cd interaction 
between these sites. 
The influence of the visual cortex on the colliculus 
in the present experiments was studied under chloraloso 
anaesthesia, the same anaesthetic used by Jassik et al (1963, 
1966). On the other hand, Altman and Halis (1962) could not 
demonstrate this interaction. In view of the observations 
in the unanaesthetized animal, the collicular responses to 
electrical stimulation of the visual cortex are easily ob- 
served (Ingvar and Hunter, 1955), and that in the same pre- 
paration ablation of the visual cortex reduces collicular 
response to photic stimulation. These results su.rest that 
a cortical control of the S.C. exists under normal conditions. 
The negative findings of Altman and MMalis (1962) were 
probably due to a deep nembutal anaesthesia. 
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D. FUNCTIONS OF THE SUPERIOR COLLICULUS 
"Te role of the superior colliculus in vision must of 
necessity be Greatly dependent upon the extent to which a 
geniculo- striate system has developed . In mammals 
higher than rodents, control of eye movements is likely to 
be the most important function of collicular optic projections 
and possibly activation of non -specific visual afferents." 
(Granit, 1962). 
"In lower animals, such as the cat, we may conclude 
that the colliculi are centers for visually directed movements't 
(Dayson, 1963). 
The functions of the cat's superior colliculus can be 
considered as two problems, as the role in vision and the 
role in eye movements. In fact, the problem of whether the 
former and the latter functions are related or not, or are 
dependent upon each other, has to be borne in mind. 
1. Role in vision 
Since both brightness and flicker discrimination are 
visual functions which can be relearned after complex ablation 
of the visual cortex ("mith, 1937; Baden, Urbaitia, and 
J4eikle, 1965), it is obvious that visual pathways other than 
the geniculo- striate projection system can convey the infor- 
mation needed for these discriminations. The superior 
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colliculus would seem to be the possible relay point for 
such information. T'h.t is supported by the deficits in 
visual discrimination after secondary lesions of the cat's 
tectum following removal of the visual cortex (Norton and 
Clark, 1963; and Fischman and Meiklc, 1965). 
Sprague and Meikle (1965) have described an homonymous 
field defect with complete neglect of stimuli in the visual 
fields contralateral to the lesions in the S.C. of the cat 
which do not involve to rientum. Associated with these are 
abnormal responses to contralateral acoustic, tactile and 
sometimes nociceptive stimuli, appearing as inappropriate 
localization of the stimuli rather than as changes in sensory 
threshold. In addition, lesions placed jn certain afferent 
and efferent collicular pathways, involving the brachium of 
the S.C., the sub- collicular tegmentum, result either in no 
visual neglect or in deficits which are minimal or transient. 
Their findins have led the to conclude that "the functions 
of the Ç.C. include that of visual attention and perception 
as well as the clinically accepted control of the movements 
of head and eyes ". 
On the contrary, lesions which have destroyed the S.C. 
bilaterally caused only very transitory Oisturbancen of per- 
formance on the series of difficult visual pattern discrim- 
ination tasks. On the other hand, prolonged disturbance 
resulted from cuite simile lesions which have had, in 
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addition, extension of the destruction to either central 
gray substance or the ventrally adjoining tegmentum. 
Furthermore, effects of similar magnitude have been obtained 
after lesions restricted to the tegmentun of the midbrain. 
(Myers, 1964), 
However, Sprague (1966) in his recent preliminary 
report, has extended the work into the interaction of the 
visual cortex and the S.C. in mediation of visually guided 
behaviour. His evidence is as follows: the vision returns, 
from total contralateral hemianopia following unilateral 
removal of the occipito- temporal neocortex in the cat, after 
the contralateral S.C. has subsequently been removed. 
Splitting of the collicular corn; ;issure produces the same 
result as the removal of the contralateral tectum. Sprague 
has put forward the hypothesis that the colliculuo is funct- 
ionally depressed because there is an inhibition resulting 
from an imbálance r visual centers after a cortical lesion 
and the recovery is the result of the removal of an inhibi- 
tion fr m the S.C. on the opposite side. 
2. Role in eye movements 
(a) Afferent mechanisms 
The role played by the S.C. in afferent mechanisms 
may be considered in two ways, the information from the 
retina on one hand, and from the extraocular proprioceptore 
on the other hand. 
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Information from the retina 
The present experinents have dealt with this problem. 
Apart from the confirmation of the precise retinotopic 
organization in the superior colliculus, it has been shown 
that there are units in the S.C. of the cat which respond 
to movement of different velocities, some showing directional 
selectivity, and centrifugal preferences in some units. The 
small receptive field unit with simple behaviour is found in 
the superficial cell layer and the receptive field is increas- 
ed in size and complexity of behaviour in the deep layers. 
The superior colliculus has been shown to participate 
in the fixation by some authors, e.g., Dreher, Marchiafava, 
and Zernicki (1965). Let us imagine that the cat'n eyes 
are stimulated by an object somewhere in the periA eral 
field. Attention is aroused and the eyes move so that the 
image of the object approaches the area centralis. To change 
fixation to the new target, the cat needs to know the posi- 
tion of the new object; to accomplish this, he has the pre- 
cise retinotopic organization on the surface of the S.C., 
to cope with this task. The course of movement in changing 
the fixation has a velocity of about 100 -200 ° /sec. (Dreher, 
Marchiafava, and Zernicki, 1965) in the cat. In humans the 
speed of shifting the fixation from one point to another 
appears to be more or less constant and independent of 
voluntary control. Hyde (1959) reported a mean velocity of 
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485° /sec. for a movement of 60 °. Westheimer (1954) found 
the maximal velocity to increase as a function of the ampli- 
tude of the movement. To reach the new target with accuracy, 
a directionally selective unit may serve this purpose, for 
checking the direction, and a centrifugal preference unit 
responding to fast movement may provide information to pre- 
vent overshooting of the saccadic movement,which is so rapid. 
Apart from finding stationary objects, dealing with 
moving objects so as to keep them in the area centralis is 
a more difficult task; again, the centrifugal unit respond- 
ing to different velocities may serve this purpose. ( The 
role of a centrifugal unit will be considered, together with 
a centrifugal unit in the cerebellar visual area, in a later 
section). 
Prrioceptor as an afferent mechanism 
The role of a proprioceptive mechanism has been re- 
viewed by Cooper, Daniel and Whitteridge (1955), and Whitter- 
idge (1960. 1962). 
In the cat, altho gh extraocular muscles lack muscle 
stindle, they possess many sensory endings, some of which 
can be activated by passive stretch. Discharges from these 
proprioceptors were recorded in the fibers of the third nerve 
in the orbit (Cooper and Pillenz, 1952, 1955). Apart from 
the early sustained responses along the course of the mesen- 
cephalic tract of N V from the pulling of the eye muscles 
of the cat, Fillenz (1955) has found late responses in the 
deep layer of the S.C. ( stratum opticum). This finding has 
led this author to suggest that the information from the 
retina and from the proprioceptors of eye muscles are associ- 
ated in some of the lower visual reflexes. The impulses from 
muscle spindles recorded in the stratum opticun of the c ;oat's 
superior colliculus has also been previously reported by 
Cooper, Daniel, and Whitteridge (1953). These authors have 
also discussed the functional significance of the impulses 
from the eye muscle proprioceptors. They have cited evidence 
associated with the relative speeds wäich reach the brain. 
The responses set up by illumination of the retina reach the 
brain much later hthose from the sensor;, endings in the muscles; 
than 
largely owing to the retina delay. The message3from the 
proprioceptors reach the brain_stem with latencies dependent 
only on their conduction time, i.e., in 1 or 2 cosec. They 
have suggested furthermore that "by the time the retinal 
discharges reach the brain, messages from the eye muscles 
can have been sent to all the centers that may be concerned 
with the integration of ocular movements. The eye muscle 
neuronal pools will then be in a state of readiness to 
control the delicate muscular movements needed for maintain- 
ing fixation ". 
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(b) Stimulation experiments 
That stimulation of the superior colliculus produces 
conjugate deviation of the eye has been confirmed in the 
cat (Hess, 195G; Hyde and Eliasson, 1959). !Moreover, eye 
movements may be elicited by illumination of the retina 
following local application of strychnine to certain areas 
in the collicular surface (Apter, 1946). Based on their 
findings of stimulation experiments in cats with an implanted 
electrode, Hess, Burgi and Bucher (1946) elaborated a theory 
of what they called "visual grasp reflex" according to which 
the colliculi would be the centers for the fixating mechanism 
of objects in motion. Hyde and Eliasson (1957, 1959), have 
called the final position of the eye after stimulation of 
the cat's S.C. "goal directed ". The position of the "goal" 
varied with the re ion of the S.C. stimulated, a'id more or 
less coincided with the electrophysiological map of the visual 
field on the S.C.. Their average maximal velocity in any 
single eye movement upon stimulation ranged between 40 -1500/ 
/sec. for different sites. In occasional individual responses 
a maximal speed of 300 ° /sec. was recorded. 
Hyde (1964), in her study on the interrelationship of 
bráinstem and cortical areas for conjugate ocular movements 
in the cat, has ou.,gested the collicular- oculomotor 
ways, as studied by lesions in the encophalo isole cat. 
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Impulses from the S.C. appear to descend through the lateral 
pontine tegmentum after decussation, traversing the medial 
reticular substance of the medulla. Finally, they enter 
the medial longitudinal fasciculus to ascend to the third 
nucleus. 
Several routes have been postulated for the efferent 
occipital cortical pathways to the eye muscle nuclei. These 
include corticotectal connections and fibers passing the 
S.C. (Crosby, 1951; and Hyde, 1960). However, Hyde (1964) 
also suggested that the efferent paths from the occipital 
cortex and superior colliculus are separated at least in 
the midbrain level. The lesions in the medulla were without 
effect on oculomotor responses to occipital cortical stimu- 
lation although abolishing collicular responses. This has 
led this author to conclude that no single anatomically 
circumscribed center can be found that appears to co- ordinate 
all types of lateral gaze (Hyde, 1964). 
(o) Ablation ex 2eririents 
Early studies on the effects of lesions in the S.C. 
of the cat disclosed no impairment of eye movements follow- 
ing almost complete destruction of these areas (Spiegel and 
Scala, 1937). foreover, conjugate eye movements in all 
planes could be elicited by stimulation of the frontal and 
occipital lobes in cats with extensive d structíon of the S.C. 
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Blake (1959) reported that after collicui r lesions there 
was no vertical eye following; of objects, and that eyes 
moved to the opposite direction to that of moving targets 
in the horizontal plane. However, analysis of this report 
disclosed that the lesions extended beyond the colliculi 
into the pretectum and the mesencephalic tegmentum. Opto- 
kinetic nystagmus was found to be impaired after lesions 
in the S.C. of the cat (Scala and Spigel, 1938). 
e 
The anatomical evidence of direct connections between 
the S.C. and the oculomotor nuclei has been denied by some 
investigators (Marburg and Warner, 1947; and Altman and Car- 
penter, 1961) but strongly postulated by Bucher and Borgi 
(1950). However, the interstitial nucleus of Cajal has been 
described as a relay for the colliculo -oculomotor pathway. 
Its large nerve cells give rise to the particularly large 
intorstitiospinal fibers which constitute the medial border 
of the medial longitudinal fasciculus and they send collator - 
als to all eye muscle nuclei (Jung and Hassler, 1960). 
Recent behavioural experiments by layers (1964) and 
Sprague and Meikle (1965) revealed some motor disturbances 
following restricted removal of the S.C.. The former author 
described a marked reduction of movements of visual regard. 
In addition, visual centering and following movements are 
difficult to elicit and when obtained are greatly inaccurate. 
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The latter authors have reported a motor deficit in appropr- 
iate movements of eyes, head and body, expressed in ipaiver- 
sive forced circling and heightens' compulsive response to 
ipsiiateral stimuli. Bilateral lesions result in the following 
defects:- first post -operative week, the cats showed an 
inability to look upwards spo -taneously and failed to localize 
small stationary objects, or to follow a morc rapidly moving 
stimulus. In subsequent weeks, no change was observed until 
the tenth week when eye movements to lateral rotation, were 
good, but were minimal to vertical tilting. 
The effects of tectal lesions and cortical lesions on 
the fixation reflex of the eye -ball were investigated in the 
cat by Dreher, I;archiafava, and Zerricki (19(;5) before and 
after midpontine pretrigeminal transection. The vertical 
fixation reflex to all visual stimuli, both stationary and 
moving in front of the animal's eyes, seemed to have complete 
disappeared after removal of superior colliculi; while there 
was very strong impairment of the horizontal one. The abla- 
tion of the frontal oculomotor area did not effect the fixa- 
tion reflex After ablation of the occipital cortex, the 
fixation reflexes, both vertical and horizontal, were impaired. 
Furthermore, vertices eye movements in the cat without either 
occipital cortex or tectum can be elicited by sti ulation of 
the frontal oculomotor areas. Stimulation of the visual 
cortex produced eye movements in cats without frontal cortex. 
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These effects could not be elicited in cats with the tectum 
removed. They have postulated that the fixation reflex arc 
is subdivided into 2 branches, occipital and tectal. Both 
seem to be partially independent in the horizontal fixation 
reflex. 
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III. THE SUPERIOR COLLICULUS OF THE BABOON 
A. RETINOTOPIC PROJECTION ONTO THE SUPERIOR COLLICULUS 
The present experiment has established that apart from 
the retinotopic organization on the surface of the S.C., there 
is a representation of the fovea onto the anterior polo of 
the S.C.. The problem of the macular representation on to 
the S.C. has started since the study of termination of optic 
centers of the monkey by Brouwer and Zeeman (1926) after 
retinal lesions. These authors could not find degeneration 
after macular lesions. This has led Whitteridge (1960) to 
suggest that macular fibers may relay in the L.G.N. A study 
of photically and electrically elicited responses in the 
central visual system of the souirrel by Doty, Kimura and 
Mogenson_ (1964) has revealed that the latency to the S.C. by 
strong light flash was about 22 msec. which was 3 -6 msec. 
longer than that to the L.G.N.. 
Another possibility is that the macular fibers may be 
relayed from the visual cortex because cortico- collicular 
fibers have been shown to exist by several ínvestir;ators. 
Crosby and Henderson (1948) have traced occipito- collicular 
fibers fron area 18 and 19 in the macaoue. These cross the 
pulvinar and run back adjacent to the posterior commissure 
to enter the S.C. in the decn part of the stratum opticum. 
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Other anatomists have traced fibers to the colliculi only 
from area 17, either from the convexity (Beevor and Iiossley, 
1902; Clark, 1941, 1942) or exclusively from the medial 
aspect of the occipital lobe ( superior lip of calcarine 
fissure) (Mettler, 1935). It is unlikely that the macular 
fibers terminating in the S.C. have originated from the visual 
cortex, not directly from the retina, because the latencies 
from the retina to the S.C. and striate cortex by light 
stimulation under relatively the same parameters have been 
observed, and the values of about 30 -40 msec. were obtained 
respectively. In addition, the early visual responses by 
photic stimulation with a latency of 30 -G0 mass. have been 
observed in the striate cortex of the baboon (Daniel and 
Whitteridge, 1961). 
The surface areas of the S.C. found in the present 
experiments to be devoted to the representation of the lower 
and upper visual fields are equal. The same observation was 
obtained in the baboon's visual cortex in which the magni- 
fication factors along different radii were plotted against 
the retinal eccentricity and close correlation was obtained. 
(Daniel and Whitteridge, 1961). 
In the baboon's retinal ganglion cells, although the 
horizontal meridian has some ganglion cell density, it has 
been found that the ganglion cell density falle off progress- 
ively with increasinr, distance from the fovea along any 
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any meridian (Whitteridge, 1965). 
B. SINGLE UNIT OBSERVATIONS 
Owing to the limitation of the numbers of experimental 
animals studied combined with the difficulties in the iso- 
lation of the unit, only a few have, so far, been observed. 
It is therefore hardly possible to make generalizations 
concerning the behaviour of units in the superior colliculus, 
In this aspect, comparison with animals of other s.ocie© 
be 
In the ;resent experiments, the visual resrronaeu were 
obtained from the surface down to the lower part of the 
stratum griseum intermecíale. The same result was obtained 
in the cat's superior colliculus described above. Two non - 
directional units in the present series had the receptive 
field size 30-5° in diameter, and responded to relatively 
slow movement and were recorded from the stratum griseum 
superficiale. They were similar in behaviour to the small 
and medium -sized receptive fields of the cat's superior 
colliculus. In addition, two specific orientation units re- 
corded in the stratum griseum superficial° and stratum optioum 
of the baboon's S.C. have also boon described in the cat's 
superior colliculus in the previous section. Furthermore, 
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though no detailed report of this kind of unit in the primate 
level exists, Hubei and Wiesel (1962) mentioned that the 
kindcof units described in the cat's visual cortex bave also 
been found in the monkey's visual cortex. If the technical 
difficulties could be overcome, it would be ipteresting to 
study the influence of the visual cortex upon the unit aotivit 
in the S.C., as has been described above in the cat. 
C. FUNCTIONS OF PRIMATE SUPERIOR COLLICULUS 
The literature dealing with the function of the primate 
S.C. has been one of the controversial problems in the visual 
system. 
The structure regarded as the most important suboortical 
visual and oculomotor integrating centers is the superior 
colliculus. But according to the theory of "progressive 
encephalization of function" as applied to vision (Marquis, 
1935), the visual cortex takes over more and moro of the 
functions of the tecturn as one ascends the phylof;onetic scale. 
The superior colliculi of higher mammals receive decreasing 
numbers of direct optic fibers and finally in the primate a 
few of these fibers can be traced to the superior colliculus 
(Brouwer and Zeeman, 1926). 
With regard to oculomotor function, it has been suggested 
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that the superior colliculi uère the structure through which 
the occipital eye center operated (Holmes, 1938). This con- 
cept was further elaborated by Crosby and Henderson (1948) 
on the basis of their physiological and anatomical findings. 
These authors obtained a unique pattern of eye movements 
upon stimulation of area 19. Moreover, they traced several 
discrete bundles of cortico-tectal fibers in normal anatomical 
material projecting from area 13, 19 and possibly 17, to the 
superior colliculi, and from here a test('- oculomotor tract to 
the ocu -motor nuclei. These descriptiono were further 
supported by the findings of spike potentials recorded from 
the superior colliculi following application of strychnine 
to area 19 (Peterson and Henneman, 1948). The role of the 
superior colliculus in eye movements has been discussed in 
the review of " Central control of eye movements ". (llhitteridge 
1960). He wiites: "In the lower mammals the colliculue plays 
a large part in adversive movements; in monkeys and uan it 
is at least a distribution center for descending pathways 
for eye movements ". 
Regarding the role of the S.C. in vision, Ferrer and 
Turner (1901) have reported retention of grossly normal 
oculomotor function and vision, while Rosvold, Mishkin and 
Szwarcbart (1958) described fixed gaze following extensive 
collicular damage. However, there is no detailed histology 
in any of these reports. 
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Denny-Brown (1962) has reported that after bilateral 
removal of the S.C. in the monkey the animal suffers a tempor- 
ary loss of vision. He writes V... even more extraordinary 
than this loss of vision following ablation of the colliculi 
was the changes in general behaviour of these monkeys. 
Whether some vision for movement and placin,; re:. ained or not 
the animals appeared to be totally unaware of events in their 
environments ". He also concludes that the primate tocturn is 
essential for reactions which may be called visual awareness 
and that in general the tectum has initiating or facilitating 
function. It is especially noteworthy that his lesion in 
the superior colliculus causes no chango in the pathway to 
the visual cortex via the lateral geniculute nucleus, and as 
the author points out, the normal cortic-d evoked potential 
is preserved after the tectal ablation. 
On the other hand, ,Wasik and .asik (1964) studied the 
role of the primates' cerebral cortex and superior colliculus 
in oculomotor function by the motod of ablation and stimu- 
lation. Apart from the observation in the cerebral cortex, 
their results indicate that there are no centers for vertical 
or other eye movements. The superior colliculi are not 
necessary stations for the e,e movements initiated in the 
preoccipital area. Regarding optokinetic nystagmus, these 
authors conclude that there are no centers for it in the 
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vertical or any other planes in the superior colliculi. 
This is in contrast to the views of Carmichael, Dix and 
Tlallpike (1954) who regarded the superior colliculi as a 
subcortical center for optokinetic nystanus in all planes 
and by Crosby (1957) in the vertical plane. 
From the available data, there are still contrary views 
as to the function of the priHate superior colliculus, whether 
this structure still has something to do, e.g., eye movement 
mechanisms, and role in vision, or no function at all. 
However, whatever the function may be, the results of the 
present experiments sh w that the precise retinotopic or.;ani- 
zati.on_ still exists in the primate superior colliculus. 
Moreover, the complex behaviour of single unite has also 
been observed. This structure still, therefore, has some 
functional significance in the participation of complex ner- 
vous mechanisms, e.g., eye movements, in spite of the decrease 
in size of the structure according to the phylogenetic scale 
of progressive encephalization of function. 
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IV. THE CEREBELLAR VISUAL AREA OF THE CAT 
A. SINGLE UNI':' ACTIVITY Id THE CEREBELLAR VISUAL AREA 
1. General considerations 
(a) Hbbituation 
As already,- mentioned in the results of the present 
series of experiments, most of the visual unite in the cere- 
bellar visual area showed the behaviour of habituation to 
repeated stimulation. The tern: "habituation" has been used 
by Humphrey (1933) to refer to the waning of a behavioural 
response as the result of repeated stiulation. This is in 
contrast to the expression of sensory adaptation, which was 
used by Adria-;: a:d Zotterman (1926) to describe the waning 
of the impulse activity in the continued presence of the 
stimulus. 
The habituation of unit responses to repeated sensory 
stimulation have been reported to occur in various animals. 
Hamdi and Whitteridge (1954) recorded action potentials 
from the optic tectum of pigeons. It was found that the 
responses to a flash of light of units in the innner layers 
of this structure "rapidly fatigued on repetition "; habitua- 
tion of the response to repeated stimulation has also been 
described in the optic tectum of the frog (Lettvin, Maturana, 
Pitts and McCulloch, 1961), and in the rabbit's lateral 
geniculate nucleus (Arden, 1963). 
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Horn and Hill (1966) have studied the habituation of 
units in the rabbit's superior colliculus in some detail. 
They found that when the stimulus was repeatedly presented 
the response to that stimulus waned after 30 to 40 presenta- 
tions. A change of some parameter of the stimulus, or of its 
position on the receptive field, was usually sufficient to 
re- excite tiie unit. If the stimulus was withdrawn for 20 sec. 
or so and then represented, cells would respond again. In 
general, and within limits, the longer the stimulus was with- 
drawn the )ore vigorous was the response likely to be on 
subsequent presentation. 
Habituation has not been reported among, units in the 
visual system of cats and monkeys. In the auditory system, 
Hubel, Henson, Rupert, and Galambos (1959) have described 
the habituation of units in the cat's auditory cortex. These 
results have since been confirmed by Galambos (190), and 
Evans and Whitfield (1964). The mechanism responsible for 
attenuating the response to repeated sensory stimulation is 
quite obscure. 
(b) Units which respond to fast movement 
The majority of units recorded in the cerebellar visual 
area , as in the deep layer of the superior colliculus of the 
cat, required fast moverients in a certain range (up to 3000/ 
/sec.) as the optimum stimuli. The nuestion of whether 
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these units are of physiological significance or not has to 
be considered in some detail. 
As a matter of fact, many investigators have mentioned 
units recorded in the visual system_ as responding to fast 
movements but only a few of them have been reported quantitat- 
ively. Units which respond to fast movement have not been 
reported in the cat's retina, but have been described in the 
rabbit. Barlow, Hill, and Lovick (1964) have described large 
receptive field units in the rabbit's retina which respond 
to a movement of fast speed, and the fastest velocity in 
their records is up to 290 ° /sec., in which a good visual 
response still bo obtained. that 
movement could not excite their units at all. 
Apart from manuals, Jollett and Blest (1966) have re- 
ported the directionally selective units in insects wAch 
could be excited optimally by movi :'g stimuli at about 100° /sec. 
Units responding to fast movement which have be nhown 
to exist in tbe S.C. and the cerebellar visual area of the 
cat, so far, have not been described in the lateral geniculate 
nucleus and the visual cortex. These two latter structures 
of the geniculo- striate system would require a high degree 
of resolution for visual perception and pattern vision, so it 
would be expected that only stationary or slowly moving 
objects provide the optimum stimuli. 
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Miller and Reeder (1965) in studying kinetic visual 
acuity, found that if a taret is moving at less than 60° /sec. , 
saccadic eye movement is minimal and head movement is not 
necessary. About 60° /sec. restriction of the head movement 
lowers kinetic visual acuity and when a certain speed is 
reached (about 100°/sec.) both saccadic eye movements and 
held movements are employed. 
Thus units responding to fast movement found in the 
cerebellar visual area and superior colliculue, which have 
nothing to do with visual perception, would serve as a regul- 
ating device for the precision of eye movements which are so 
rapid. Hyde and Eason (1959) have reported the characteris- 
tics of the cat's ocular movements evoked by stimulation of 
the braunstem. Upon stimulation, the eyes began to move at 
a rapidly accelerating rate, reaching a maximal velocity 
0.125 -0.25 sec. after the onset of stimulation. The average 
maximal velocity in any sin;;le series ranged between 40 -150 ° / 
/sec. for different sites. In occasional individual responses 
a maximum speed of 300 ° /sec. was recorded. 
2. Non- directionally selective unit 
Large receptive field unit 
The units with very large receptive fields and which 
responded to a small excursion of movement of a small target 
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all over the field described in the present experiment, have 
also been reported by Lettvis, Maturana, Pitts, and McCulloch 
(1961) in the frog's tectum. Their units respond to a small 
target, 1 -20 in diameter, travelling around almost everywhere 
in the visual field but ave a "null" region that is differ- 
ent for different cells. ;firer,; time the stimulus moves, 
with even a short jerk, there is a burst of impulses that 
dies down when the stimulus has stoped. However, they do 
not state either t'-e velocity used or the optimum velocity 
of the stimulus for the cells. It should be noted that there 
is usually no response to turning "on" or "off" of the illumi- 
nation in their units. 
Medium receptive field 
The units which res and to move gent and show the behav- 
iour of habituation after repeated stimulation, have not been 
described in the cat's visual system. In the frog, Lettvin, 
Maturana, Pitts, and McCulloch (1961) recorded from cells 
in the optic tectum. These cells which the authors called 
"newness" had a receptive field about 30o in diameter, and 
responded to movement in one direction along any particular 
diameter of the receptive field, but when this movement was 
repeated along the same path less than 5 -10 sec. later, no 
response was elicited. With a delay of 20 sec. a response 
could be elicited again, but less than that evoked by the 
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first movement. Movements along the different diametdrs of 
the receptive field were usually observed to elicit a brisk 
response. 
Hughes (1966) has also described units in the deep 
layer of the rabbit's superior colliculus, with a receptive 
field about 200 -300 across. The main feature is their adap- 
tation or habituation to repeatedly presented stimuli. He 
also noted the difficulty to study these units because part 
of the field may disappear and then return, or the whole 
region may become refractory. 
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3. Centrifugal unit 
Units which require fast movement in a centrifugal 
direction as an optimum stimulus have been described in the 
cerebellar visual area and the deep layers of the superior 
colliculus in the present series of experiments. Units with 
such behaviour, so far, have not been reported in the visual 
system. 
The movements of the two eyes brought about by twelve 
extraocular muscles of the animals with frontal eye field 
are very well co- ordinated. This co- ordination is an extremely 
delicate and important task since a fusion of an imago from 
an object falls upon both foveae on the corresponding points 
on the two retinae. It is certainly surprising that the 
efferent discharges of the oculo -motor nuclei of both sides 
are so rapidly regulated, in site of the fast speed of move- 
ment performed by both eyes. The main purpose of eye move- 
ment is to bring an interesting object into the central por- 
tion and beep it there in order to use a high density of 
ganglion cells for a high degree of resolution of visual 
acuity. 
An object may accidentally move away from the central 
retinal region by either a movement of that object itself 
or by a movement of the animal (If the animal moves forwards, 
the object in front but not in the center tends to move away 
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from the, central region, of the retina.) The centrifuCal unit 
may play an afferent role for rc ulation of these conditionu; 
control of eye movements in the former case and control of 
the orientation of the animal's movement in the latter case 
might be a possibility. 
Collett and Blest (196G) have also described come unite 
in the optic lobe of the moth which responded to fast move- 
ment. Those units showed a directional selectivity in which 
movement fro: front to back was the preferred direction. 
The authors pointed out that these units may function to 
control orientation when the moth has a little forward velocity. 
More detailed studies are needed before it is known whether 
these iu its provide adequate information to control orienta- 
tion while a moth is flying fast. The units recorded in the 
superior colliculus and the cerebellar visual area may have 
a similar function to control the orientation of movement. 
The impulses fro:r, the r>roprioceptors of the eye muscles 
have been mentioned to reach the cerebellum and the deep 
layers of the superior colliculus in the Coat by Cooper, 
Daniel, and WhitteridCe (1953). In addition, various patterns 
of eye movements in the cat have been described by various 
investiL;ators, recently by Cohen, Coto, Shanzer, and Weiss 
(1965). 
Cats, after the cerebellar audio -visual area had been 
removed, showed nome disturbances in the auditory and visual 
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systems. (Chamber and Sprague, 1955). In the postoperative 
period, the cats showed rather marked difficulties in gauging 
distances properly when jumping, reduced movement of the eyes 
and the head, and increase in post -rotatory nysta_mus. By 
the sixth day the response to visual cues was back to pre- 
operative alertness, although there was a marked tendency 
for visual attention to become fixed for considerable periods. 
In humans, Cogan (1954) has reported ocular abnormality 
in C patients with cerebellar diseases in which he called 
"ocular dysmetria ". This ocular abnormality is manifest most 
commonly by overshoot (rarely undershoot) of the eyes on 
change of fixation. Instead of the precise movement of the 
eyes which is the invariable response of the normal person, 
these patients show an overshoot with several oscillations 
of di;inishing magnitude before the eyes come to rust. In one 
patient, after eccentric fixation the eyes overshot as much 
as 30o in returning to fixate on a point straight ahead. 
The exact cerebellar les: ons have not been mentioned, how- 
ever, and it is difficult to interpret the extent of the 
lesions resulting from disease which are usually extensive. 
The units which respond to fast movement positioning 
around the central region of the visual field, and some show- 
ing centrifugal preferences in response to movement, may 
provide the information to 5revent overshooting of the eye 
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movements in changing the fixation, and also provide the 
information to the oculomotor system when the fixated object 
suddenly moves out from the center of fixation. 
R EF ER ENC ES -_._.... 
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